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NOVEL ANTIBACTERIAL AGENTS AND POTENTIATORS 

OF CAR3APENE.M ANTIBIOTICS 



This invention relates to new antibacterial 
asents which interfere in bacterial cell w.n 
synthesis by inhibiting the enzyme D-Ala-D-Ala 
Hgase. Coripountis of this invention also inhibit 
rer.al dehycJ ropeptidase (DHP) and. therefore 
potentiate the antibiotic activity of c.rbapenen. 
antibiotics . 

Many antibacterial agent, owe their .elective 
toxicity to the fact that their target, are structures 
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3116P/1106A _2- ,72,3^ 

Which are only present In the .ensitiv. b.cteriun. 
One of these structures i. peptldoglyc.u a cell w.H 
polymer which pl.y, . vit.l rol. In protecting 
b.cteri. from ly.i.. a number of .gent.. ..g.. 
5 o-l«ct.m.. b.citr.cin, end fl.vomycln, interfere with 
the assembly of this polymer by inhibiting enryrBstic 
reaction, involved in the final stage, of assembly. 

Peptidoglycan biosynthesis involves a 
precursor. UDP-MurNAc-Ala-D-Glu-Lys-D-Al.-D-Alanine 
that is biosynthesized in a multienzyme pathway which 
tern^inates in the adcJition of D-Al.nlne-D-Al.nine to 
the UDP-Murh-Ac-tripeptide. The formation of D-Alanyl- 
D-Alanine is catalyzed by D-Al«nyl-D-Al.nine ligase 
(synthetase). It is known that inhibition of 
D-Alanyl-D-Alanyl ligase will terminate peptido- 
glycan biosynthesis resulting ^clXU in bacterial 
cell lysis. Such inhibitors can serve as anti- 
bacterial,. For example. D-Cycloserine. a D-Alanine 
fr.i.T.ic. as a reversible inhibitor of the ligase at 
both the donor and acceptor sites and i. the most 
potent ligase inhibitor described heretofore, and is 
a potent antibacterial. (F.C. Neuhaus et al,. 

Biochemi rjc i, 47i-48o (i964)), 

Dipeptide analogs of D-Al.nyl-D-Alanine are 
25 also known to be inhibitors of ligase. (F.C. Heuh.us 

"1-' BiQchenilnry t, 5119-5124 (1965), and r.c. 

Neuhaus and W.P. Hammes. Pharmar. Th,.r jj^, 265-319 

(1981)) . 



20 



30 



Renal dehydropeptidasa (E.c. 3.4.13.11) i. a 

mammalian enzyme which metabolizes carbapenem 
antibiotics such as thienamycin and imipenem. 
Inhibition of this enzy«,e enhances the urinary 
recovery of these antibiotics and reduces their renal 
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toxicity. EPO Publication Ho. 0091594 to 
Sanr«ku-Ocean Co.. Lt«3. describes aminocarboxylic 
acid derivatives possessing dipeptidase inhibiting 
activity. This subject end the development of 
5 cilastatin as a renal dehydropeptidase inhibitor for 
use in combination with imipenem hav» also baen 
reviewed by r. „. K,h,„ ^ J._AntimicifllllAl 

Chpmnrhrr n rY . 12. Suppi. d, 1-35 (1983). 

U.S.P. ^,^7^ m to Petrillo (assigned to 

10 E.R. Squibb i Sons, "nc.) discloses amino and 

substituted amino phosphinyl-alkanoyl compounds which 

are useful hypertensive agents due to their 

angiotensin-converting-enzyme (ACE) inhibition 
activity. 

Thorsett tt Al-. (Merck & Co., Inc.) 
^^^^ ^flt l. Arflfl . Sn , Vol. 79. pp 2176-2180 

(April 1982) discloses phosphorus containing 
inhibitors of angiotensin-converting enryme. 

With, this background, the search for newer 
and more effective antibacterial agents which are 
Hgase inhibitors, is a continuing one. 
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suTci^RY OF THF TfTYfi^'TTcrr- 

It has been found that compounds of 
Structures I and II, shown below, are inhibitors of 
D-Alanyl-D-Alanine ligase, and are useful in the 
treatment of bacterial infections. These compounds 
may bo administered alone or in combination with 
other antibiotics such as D-cycloserine or fl-l«ctam 
30 antibiotics. These compounds also inhibit renal 

dehydropeptidase E.C. (3, 4. 13, ii) .nd are useful 
to potentiate the in viyg effects of penem and 
carbapenem antibiotics such as Imipenem. 
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By this invention there it provided 
phosphinodipepticSes of formulas X and II; 

5 H2N-CH-j>-(CH2)^.CH-C02R3 



T « I II M 5 

^ ° H2N-CH-P-CH2-C.CO2R3 

OR, 



11 



whe re i n : 
15 R^ is H or CH 



3 
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R^ and R^ are selected from 

(a) hydrogen, 

(b) C^-Cj^2 lin«ar or branched aXkyl; 

(c) ^2'^12 ^^^^^^ or branched 
monoalkenyl ; 

(d) C^-C^Q aralkyl, wherein the alkyl 
chain is linear or branched C^-C^; 

(e) heterocyclic alkyl, wherein the alkyl 
chain is linear or branched C^~C^ 
and the heterocyclic ring i« 5-6 
xnembered, optionally fused with a 
benrene ring, fully aromatic, end 
containiny lo O, N or S heteroatoma ; 

wherein said above groups for R5 
can be substituted by one or more: halo, 
hydroxy, carboxy, C^-C^ a Ikoxycarbonyl , 
^7*^16 «>^yl«l^o^ycarbonyl, C^-C^ 



1312507 



3116P/1106A - 5 - 17313V 

cycloalkyl, C^^-C^ alkoxy, C^-C^^^ 
aryloxy, amino, mono- or di-C^^-Cg 
alkylamino, thio, C^^-C^ alkylthio, 
Cg-C^2 arylthio, C^-C^g aralkylthio, 
5 or the radical -S- (CH^ ) ^-CH (NH^) COOH, 

where n-1-2; 

with the proviso that or is at 
least alkyl if substituted by one of 
the above-defined thio groups, and wherein 
10 the aryl or aromatic heterocyclic rings can 

be further substituted by C^^-C^ linear 
or branched alkyl, t r iha loraethy 1 , nitro, 
halo, cyano or sulfonamide; 
and are hydrogen, C^-C^ alkyl, 

15 ^6"^12 ^7"^16 a^ai^y^' 

ar.d including stereoisomers and racemates thereof. 

Also provided is a pharmaceutical 
composition useful in the treatment of bacterial 
20 infection which comprises a pha rmaceut ica 1 ly 

accepcaoie carrier and a pharmaceutica 1 ly effective 
amount of an antibacterial compound of formulae I or 
II, or mixture thereof: 

" ?! «2 

H^N-CH-P-CH^-CH-CO^R^ 

OR, 



3 0 R, O CHR- 

H2N-CH-P-CH2-C-CO2R2 
OR, 
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where! n : 

is H or CH^i 

anc3 are as defined Above; 

and are independently selected from 

5 hydrogen, lower alkyl^ aryl lower alkyi; 

wherein the carbon atom (linked to phosphorus) 
attached to R^ is in the D(S) or DL(SR) 
E tereoconf iguration; to R^ , in the D(R> or DL(RS) 
s tereoconf iguration; and if R^ is present the 
10 double bond is in the E or 2 configuration. 

Preferred embodiments of Structures I and II 
for antibacterial activity include: is methyl; 

and R^ are small radicals such as methyl, 
ethyl, bromomethyl, chloromethyl and the like; and 
15 the carbon attached to is in the D(S) 
stereoconfiguration. 

Further provided is a pharmaceutical 
composition useful in the treatment of bacterial 
infection which comprises a pharmaceu t i ca 1 ly 
20 effective amount of a DHP-inhibi ting compound of 

Formula I or II, or mixture thereof, in combination 
with a pharmaceuticelly effective amount of a 
carbapenem or penem antibiotic: 

25 R O R, 

H-N-CH-P-CH,-CH"CO.R, 
-2 i 2 2 3 

OR, 



30 R O CHR^ 

1^ If II 3 

H-N-CH-P-CH.-C-CO.R^ 

OR, 
U 



■J - 



1312507 



3ia6P/ii06A 

- 7 - 17313T 

therein : 

''l H or CH3; 

«2 -n<3 R5 are .» defined .bove- 
^ «3 \ .re independently .elected fro™ 

hydrogen, lower alkvl .r«i 1 
•nd the carbon fnnw ^ ^ ■^'^yl'' 

«I i. m th.TcR ° P'^o.phoru.) attached to 

cir.on attaCer o" rr'^r""""'* 

-C«S) conn.urationf d ^ ' " 

- — -nd . .n the . or Z co^n ™' 

^ o*-LiVity are where n 

aIKox,carbony c e "^""^ 
nyi. c^_c^^ "ryUlkoxycarbonyl, 

cycloalVyl. c,-c, alKoxy. r -c 
-ryloxy, amino, ,„ono- or di-c -c , 

C^-C,g -ralkylthio, or the radical 
-S-(CH2)^-CH(NH2)COOH. where n-1-2; 
with the proviso thah e ^ 

groups, and r-her*4r, , ^ove aeflned thlo 

stereoconflguration. * 



represent new and useful 
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.nutacteri.l .gent. .eh,..opepti.... inhibitor.. 

or .nd R . .,^.p, ^^^^^ other^i,., 

represented by anv of ♦-k-. / 

tranche., .l/y. ^L L , ' ' " 

r..,„ed <or .nt .b.ct.rl.l .ctivity .r. ,thyl .rd 

examples include benzyl, phenethvl 4 n>, , 
cituent, are synonymous, and recited above 

P;e.e.bly one O or S an.:; r:3"/;et\rr o^rT:. 

and thxa.oly: as well as .ny bicyclic group derivabi: 
t^ererro. in .Mch .ny o. the above heterocyclic 
-..s is fused to a benzene rin, «uch .s, fo. 
example, indolyl, ,uinolinyl. iso,uinolinyl , 
benzi.idaxolyl, benr othi a.olyl , benrofuryl, and 
benzothienyl . 

The named substituents on the alkyl and 
"Ikenyl chains can be present «n 

present on the aromatic rirjs 
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in the aralkyl, heterocyclic alkyl and heteroaryl 
groupings as well. Site of substitution includet all 
available sites and «ubs^.i tut ion can involve one or 
more of the same or different groups. 
5 The substituents are: halo* meaning fluoro, 

chloro, broroo or iodo; hydroxy; carboxy; C^-C^ 
linear or branched a 1 koxyca rboxy , e.g. methoxy- 
carbonyl and c t hoxyca r bony 1 ; C^-Z^^ arylalkoxy 
carbonyl. e.g. benry loxyca r bony 1 , n-bu ty loxyca rbony 1 ; 
10 ^3-^7 cycloalkyl, e.g. cyclopentyl and cyclohexyl; 
Cj^-C^ alkoxy, e.g. t-butoxy and ethoxy; C^-C^j 
arylcxy, e.g. biphenyloxy, benzyloxy; amino; mono- or 
di-C^-Cg dialkylamino, e.g. methylamino, iso- 
propylamino, n-bu ty 1 ami no , i sohexylamino , W,N-diethyl- 
15 amino, me thy lethy 1 ami no , methyl-t-butylamino , 
di-n-octylamino; thio; C^^-C^ alkylthio, e.g. 
methylthio, ethylthio; C^-C^^ arylthio, e.g. 
phenylthio; C^-C^g aralkylthio, e.g. benzylthio, 
naphthylmcthyl thio; the radicals -S-CH^-CH ( NH^ ) COOH and 
20 -S-iCH^) ^'CH(SH^)COOH, both preferably in the L-con- 
figuratio.i; and, where a thio substituent is present, 
R^/R^ must be at least a alkyl grouping. 
Where an aryl or hetcroaryl group is present in the 
substituent, the ring carbons can additionally be 
25 substituted by one or more of linear or branched 

C^-C^ alkyl, e.g. methyl, ethyl, isopropyl, t-butyl; 
t r iha lome thyl , "halo" having the same meaning as 
described above, e.g. tr ichloromethyl , trifluoro- 
methyl ; nitro, cyano or sulfonamide. 
30 Preferred are the compounds wherein: 

is methyl; 
R^ and R^ are: 

C,-C,- linear or branched alkyl; 



1312307 



3116P/1106A - 10 - 1731 3Y 

wherein both groups can b« substituted with 
halo, amino, mono- or cSi-C^-C^ linear or 
branched alkylamino, carboxyl, C^^-C^ 
5 alkoxycarbonyl , hydroxy, C^-C^ alkoxy, 

Cj-C^ cycloalkyl, C^-C^^ aryloxy, 
thio, C^-C^ linear or branched 
alkylthio, C^-C^^ arylthio, C^-C^^^ 
aralkylthio, -S- ( CH^ ) ^-CH (NH^ ) CO^H , 
^0 where n«l-2, with the proviso that °^ 

is at least alkyl if substituted 
by one o£ the above-defined thio groups and 
wherein the aryl group ring carbons can 
further be substituted by linear or branched 
^5 ^a"^4 alkyl; and are hydrogen, 

C^-C^ linear or branched alkyl e.g. 
nethyl, ethyl, or C^-C^^ aralkyl e.g. 
benzyl . 

20 Preferred compounds of Structure I for 

antibacterial activity inclucJe those in which the 
stereochemical configurations of the carbon (linked 
to phosphorus) attached to are D(S), DL(SR) , and 
the chain carbon attached to ■re, respectively, 
5 D(R), DL(RS). Particularly preferred is where the 

stereochemical configurations of the carbons attached 
to Rj^ and R^ are D(S) and D(R) respectively. 

Preferred compounds of Structure II for 
antibacterial activity include those in which the 
0 st:ereocheraical configuration of the carbon atom 
attached to R^ is D and the configuration of the 
double bond is Z or E. 
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The preferred compounds of Structures I or 
II. for use as DHP inhibiting agents include chose 
having the carbon attached to in the Lu 
configuration and the carbon attached to R- in the 
5 D(R) or L{S) configuration and if is present, 

the double bond is preferred in the 2 configuration. 

The Forroulas I and II compounds can be used 
in the form of salts derived from inorganic or 
organic acids and bases. Included among such acid 
adiition salts are the following: acetate, adipate, 
alginate, aspartate, benzoate. benzenesulf onate. 
bisulfate, butyrate, citrate, camphorate, camphor- 
sulfonate. cyclopentanepropionate. digluconate, 
dodecylsulfate. ethanesulf onate. fumarate, gluco- 
heptanoate, glycerophosphate, hemisulfate. heptanoate, 
hexanoate. hydrochloride, hydrobromide, hydroiodide. 
2-hydroxyethanesulfonate. lactate, maleate, n.ethane- 
sulfonate. 2-naphthalenesulf onate, nlcotinate, 
oxalate, pamoate, pectinate, persulfate, 3-phenyl- 
20 propionate, picrate, pivalate, propionate, succinate, 
tartrate, thiocyanate, tosylate. and undecanoate. 
- Base salts include ammonium salts, alkali metal salts 
such as sodium and potassium salts, alkaline earth 
metal salts such as calcium and magnesiuia salts, 
salts with organic bases such as dicyclohexylamlne 
and N-methyl-D-glucaroine, and salts with amino acids 
such as arginine. lysine, and so forth. Water or 
oil-soluble or dispcrsible products are thereby 
obtained. 



15 
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Further embodiments of this invention are 
the use of the compouncSs of formulas I and II as anti- 
bacterials agents administered separately or in 
cor7.bination with other ant ibacterials such as 
5 D-cycloserine, fosfomycin, pentizidone, cefoxitin, 
ceftazidine, t hi enanycin, imlpenera. ampicillin, and 
the like. 

The pharmaceutical corcposition useful in the 
treatment of antibacterial infections preferably 
LO corr.priscs a ph a rmaceu t i ca 1 ly acceptable carrier and a 
pharr.aceutically effective amount of an antibacterial 
compound of formulae I or II, or mixture thereof: 
wherein the compound contains the carbon atoms 
attached to and in the D configuration 
5 and if R^ is present, the double bond is in the E 
or 2 configuration. 

Specific preferred antibacterial compounds 
useful in the composition include: 1- ( aminoe thyl ) - 
(2-carboxy-n-propyl) phosphinic acid, 1- ( ami noe t hy 1 ) - 
) {2-carbomethoxy-n-propyl) phosphinic acid, l-(amino- 
ethyl)-(2-carboxy-n-butyl) phosphinic acid, l-(amino- 
ethyl)-(2-carboxy-5-phenyl.n-pentyl) phosphinic acid, 
l-(aminoethyl)-(2-carboxy-n-nonyl) phosphinic acid, 
l-(aminoethyl)-(2-carboxy-5-(4-pyridyl)-n-pentyl> 
phosphinic acid, l"(aminoethyl)-(2-carboxy-3-chloro- 
n-propyl> phosphinic acid, l-(aminoethyl) -(2-carboxy- 
3-bromo-n-propyl) phosphinic acid, 1- Caminoethyl ) - 
(2-.carboxy-n-heryl) phosphinic acid, 1-arainoe thyl- 
(2-carboiy-2-n-octenyl> phosphinic acid, l-{amino- 
ethyl)-(2-carboxy-2-propenyl) phosphinic acid, 
I - ( aminoethyl) -(2-carboxy-4-phenyl-2-butenyl) 
phosphinic acid, and l-(a.Tiinoethyl)-(2-carboxy-5- 
phenyl-2-pentenyl) phosphinic acid. 
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The pharmaceutical coraposition can further 
comprise an effective amount of . second 
«r.tibacteri*l compound in combination .alected from. 

cycloserine, fosfomycin. pentiridone. cefoxitin, 
ceftaridine. thienomycin, imipenem. .mpicillin. and 
the like. 

Also provided is a method for treating a 
bacterial infection in a mammalian host comprising 
administering to said host a therapeutic^illy 
effecli.r amount of the above-described composition. 

In pharmaceutical compositions useful in the 
treatment of antibacterial infections which comprise 
a Pharmaceutically effective amount of a compound of 
Formula I or II, or mixture thereof, in combination 
15 with a pharmaceutically effective amount of a 

carbapenem or penem antibiotic the carbon attached to 

in the L(R) configuration and the carbon 
attached to in the D(R) or L(S) configuration 
and if is present, the double bond is preferred 
20 in the Z conf igurstion. 

Specifically preferred DHP-inhibi t ing 
compounds useful in the composition include: 
l-(aminoethyn-(2-carboxy-n-propyl) phosphinic acid. 
l-(aminoethyl)-{2-carbon.ethoxy-n-prcpyl) phosphinic 
25 acid. l-(.minoethyl)-(2-c.rboxy.-n-but:yl) phosphinic 
acid. l-(aminoethyl)-{2-carboxy-5-phenyl-n-pentyl- 
n-propyl) phosphinic acid. l-(aminoethyl)-(2-carboxy- 
n-nonyl) phosphinic acid, l-(arainoethyl)-(2-carboxy-S- 
(<-pyridyl>-n-pentyl) phosphinic i-cid, l-(«minoethyl)- 
(2-carboxy-3-chloro-n-propyl) phosphinic acid, 
l-(aminoethyl)-(2-carboxy-3-bromo-n-propyl) phosphinic 
acid, l-(aminoethyl)-(2-carboxy-n-hexyl) phosphinic 
acid. l-(aminoethyl)-(2-carboxy-2-n-octenyl) 



30 
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phosphinic acid, 1- (aminoethyl)-(2-carboxy-2- 
propenyl) -phosphinic acid, 1- ( aminoethyl) - (2-carboxy- 
4-pheny 1-2-butenylpropyl ) -phosphinic acid, and 
1- (aminoethyl) -(2-carboxy-5-phenyl-2-pentenyl) 
5 phosphinic acid. 

Also provided is a method for treating a 
bacterial infection in a mammalian host comprising 
administering to said host a therapeutically 
effective amount of the above-described composition. 

10 

D-AlanvI-P-AIanine Ligase In Vitro Activity: 

The ligase enzyme inhibitory activity of 
compounds of Formula X have been evaluated JLn vi t ro 
with only minor modifications of the procedures of 
15 F. C. Neuhaus ( Biochemistry 1, 471-480 (1964) and 
references cited therein) using D-cycloserine as a 
control and standard ligase inhibitor. The procedure 
is as f o 1 lows : 

20 D-ALAKYL-D-ALANINE LTGASE METHOD ; 

Streptococcus f aecalis (ATCC 8043) was grown 
as described by Neuhaus (J. Biol. Chem. , 237:778, 
1962). Cell-free extracts were prepared by 
sonication followed by centrif ugation at 27,000 x g 
25 for 30 minutes. Protein was precipitated with 55% 
ammonium sulfate. The precipitate was dissolved in 
0.05M Tris-Cl buffer (pH 7.0), dialyzed against 
0.0025M glutathione and stored in liquid nitrogen. 
No loss of activity was observed after 1 year. 
30 The assay mixture contained 0.05M Tris-Cl 

buffer (pH 7.9), O.OIM KCl, 0,008M MgCl^. 0.005M 
ATP, 0.005M ( 14C-1) -D-alanine and 5 \il of enzyme 
(specific activity » 0.38 units/mg protein). Assay 
volume was 0.1 ml. 
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Inhibitors were pre-incubated with enryme, 
MgCl^f KCl and buffer, for 40 minutes at room 
temperature, before addition of ATP and substrate. 
Samples were subsequently incubated at 37*C for 30 
5 minutes- 
Twenty \il of each sample was applied to 
the preabsorbent layer of high resolution, pre- 
channeled silica-gel TLC plates to stop the reaction. 
Plates were developed in ethanol : ammonium hydroxide: 
10 H^O (11:1:8) for 2-3 hours and the radioactive 

rones located and integrated with a Berthold Linear 
Analyzer. ICSO's were determined for active 
compounds ( 7p\ inhibition) in ethanol : ammonium 
hydroxide :H20 (11:1:8) for 2-3 hours and the 
15 radioactive zones located and integrated with 

Berthold Linear Analyzer. ICSO's were determined for 
active compounds ( 70\ inhibition) . 

Representative test data with compounds of 
this invention using the above procedure are shown 
20 below. 



25 
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II. in yOLxsi Antibacterial Assay of CompouncJs of 

Formnl;.^ T Fi TT 

The antibacterial data shown below were 
Obtained using a synthetic agar medium described by 
F. R. Atherton ^ Ant iml rroM . 1 A^.n^^ nnrl 

CnernorhftrflnY. 11, 677 (1979). 



30 



1312307 



(Minlnu* InhlbUory Conctnlr»tt »nj fro«i Agar WluHon Assays In 9»gM) 



CH OR CH 0 OflL 

3 It |2 I 3 M „^ 

- P-CH^-CH-CO^R AND H N-CH- P-C 

I 2 2 3 2 I 

OH OH 



H N-CH-P-CH -CH-CO,R, AND HN-CH- P-CM,-C-CO,R, 
^ |2 23 2 |2 23 



SttP«ocheflii J try 



of rtthyl 




0 


OL 


0 


DL 


D 


0 


0 


(DL) 


■It Ihyl 


Mthyl 


utthyl 


• thyl 


pt>tnyl- fl-htptyl 


Cl-CH^- 














propyl 










H 


H 


fi*lhy1 


M 


H 


H 


H 


H 


"5 
















H 


Stiph. «urtuJ-2B65 


>2S6 


>256 


>256 


>256 


>256 


128 


>256 


>256 


Strtp. fitCAli 1-286-4 




64 


128 


16 


256 


64 


128 


256 


E. coH TEM 2* 


128 


256 


256 


64 


M 


128 




>256 


E. coU 0C2 


128 


256 


64 


32 


128 


32 


M 




E. con 


>2S6 


>256 


>256 


128 




128 


>256 




Sil. typh. 


M 


•* 


M 


256 


f> 


128 


m 


M 




m 




2$6 


128 


>256 


256 


256 


M 


Kltbi. pntun. 


m 


256 


>256 


256 


256 


64 


128 


64 


Prol. vulg. 


m 


m 


256 


128 


>256 


128 


64 


>256 


Pftud. ««rug. 


m 


128 


128 


32 


• 


>2S6 


16 


128 


Strratlfi Burctsctnc 




>2SC 


>256 


>256 


m 




>2S6 


>256 



30 



1312507 



3116P/1106A - 19 - 17313Y 

Compounds of this invention also Inhibit 
(3ehydropeptic3ase-I (renal dipeptiflase, EC 3,4.13.11) 
and, therefore, potentiate the antibiotic activity of 
carbapenem antibiotics. Renal dehydropeptidase 
5 activity was first described by M. Bergmann and H. 

Schleich, 2, Phvsiol, Chfim. . 65 (1932); see also 

B. J. Campbell £± ^1. , Biochim. BioDhvs. Art a. . Ha, 
371 (1966) and references therein. 

In order to demonstrate the ability of the 
LO compounds of Formula I to suppress the action of the 
renal dipeptidase enzyme, an in vitro screen 
procedure was followed. This measured the ability of 
compounds to inhibit hydrolysis of glycyldehydro- 
phenylalanine (GDP) by a solubilized preparation of 
5 dipeptidase isolated from hog Kidneys. The procedure 
is as follows: to a 1 ml system containing 50 mM 
"MOPS" (3-(N-morpholino)propanesulf onic acid) buffer, 
pH 7.1, is added 5 yg of lyophilized enzyme, and 
the test compound 'at a final concentration of 0.1 
0 mM. After a five minute incubation at 37*C/ GDP is 
added to a final concentration of 0.05 mM. 
Incubation is continued for 10 minutes, at 37*C and 
hydrolysis of GDP is measured by the change in 
optical density with time at 275 nm. Inhibition of 
' the enzyme is gauged by comparison to a standard run 
containing no inhibitor and is expressed as the 
inhibitor binding constant, K . This is the 
concentration of the inhibitor which achieves 50% 
inhibition of enzyme. 

The table below summarizes some 
representative data with compounds of this invention. 
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RENAL DFKYDRnPFpTT p ASE T TWHTT|t7TTp T^ 

I -3 II I 2 

H^N-CH- P-CH^-CH-CO^H 
OH 

Stereo- 

Chemistry r^(dl) Ki(nM) 

Of mebhiy] 



10 DL 
L 
D 

DL 
L 

15 D 
DL 



methyl iq 

methyl iq 
methyl 

n-butyl 4 

phenylpropyl 27 

phenylpropyl looo 

4-pyridylpropyl 12 



20 



CH O CHR^ 

H^N-CH-P-CH.-C-CO^H 
OH 



25 



Stereo- 
chemistry 
of meh>^Y] 



E/2 



Ki(nM) 



30 



D 
L 

DL 
DL 
DL 



H 
H 

n-pentyl 

phenethyl 

phenethyl 



niixt . 

Z 

E 



230 
27 

5,8 
16 
7 
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The in vivo effectiveness of DHP inhibitors 
to increase the metabolic Ktability of carbapenem 
antibiotics can be demonstrated by measuring the 
urinary recovery of such antibiotics in the presence 
5 and absence of coadministered dehydropeptidase 

inhibitor. For example, see F. M. Kahan fij; al , . 
Antimicrobial Chfimnthf^rgpyr IZ, Buppl. r, 1-35 
(1983). It is also possible to observe this 
potentiation by measuring the dosage required to 
10 treat infections in animals with a dehydropeptidase 

susceptible antibiotic alone or in combination with a 
dehydropeptidase inhibitor. 

For administration, the compositions of the 
invention can also contain other conventional 
15 phuimaceutically acceptable compounding ingredients, 
as necessary or desired. Such ingredients are 
generally referred to as carriers or diluents. 
Conventional procedures for preparing such composi- 
tions in appropriate dosage forms can be utilized. 
20 Whatever the dosage form, it will contain a 

pharmaceut ically effective amount of the compounds of 
the invention. 

The present compositions can be administered 
parenterally and this is preferred when they are used 
25 in combination with a carbapenem antibiotic such as 

imipenera. They may also be adniini stered orally. The 
compounc5s of this invention may also be used to treat 
topical antibacterial infection. Therefore, these 
compounds may be presented in a number of appropriate 
30 dosage forms; e.g., tablets, capsules, suspensions, 
solutions, and the like, for oral administration; 
solutions^ suspensions, emulsions, and the like, for 
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parenteral administration; £olutions for intravenous 
administration; and ointments, transdermal patches, 
and the like, for topical administration. 

Compositions intended for oral use may be 
5 prepared according to any method known to the art for 
the manufacture of pharmaceutical compositions and 
such compositions may contain one or more agents 
selected from the group consisting of sweetening 
agents, flavoring agents, coloring agents and 
10 preserving agents in order to provide pharma- 
ceutically elegant and palatable preparation. 
Tablets containing the active ingredient in admixture 
with non-toxic pharmaceutica 1 ly acceptable excipients 
may also be manufactured by known methods. The 
15 excipients used may be for example, (1) inert: 

diluents such as calcium carbonate, sodium carbonate, 
lactose, calcium phosphate or sodium phosphate; (2) 
granulating and disintegrating agents such as corn 
starch, or alginic acid; (3) binding agents such as 
starch, gelatin or acacia, and (4) lubricating agents 
such as magnesium stearate, stearic acid or talc. 
The tablets may be uncoated or they may be coated by 
known techniques to delay disintegration and 
absorption in the gastrointestinal tract sni thereby 
25 provide a sustained action over a longer period. For 
example, a time delay material such as glyceryl 
monostearate or glyceryl distearate may be employed. 
They may also be coated by the techniques described 
in U.S. Patents 4,256,108; 4,160,452; and 4,265,874 
to form osmotic therapeutic tablets for controlled 
release . 
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In some cases, formulations for oral use may 
be in the form of hard gelatin capsules wherein the 
active ingredient is mixed with an inert solid 
diluent, for example, calcium carbonate, calcixim 

5 phosphate or kaolin. They may also be in the form of 
soft gelatin capsules wherein the active ingredient 
is mixed with water or an oil medium, for example 
peanut oil, liquid paraffin, or olive oil* 

Aqueous suspensions normally contain the 

10 active materials in admixture with excipients 

suitable for the manufacture of aqueous suspensions. 
Such excipients may be 

(1) suspending agents such as sodium 
ca rboxyme thy Icellu lose, me thy 1- 

15 cellulose, hydroxypropy Ime thy 1- 

cellulose, sodium alginate, polyvinyl- 
pyrrolidone, gum tragacanth and gum 
acacia ; 

(2) dispersing or wetting agents which may 

20 be 

(a) a naturally-occurring phosphatide 

such as lecithin, 

(b) a condensation product of an 
alkylene oxide with a fatty acid, 

25 for example, polyoxyethylene 

stearate, 

(c) a condensation product of ethylene 
oxide with a long chain aliphatic 
alcohol, for example, heptadeca- 

3Q ethyleneoxycetanol. 
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10 



20 



30 



<d) a conc5ensatiorv product of ethylene 
oxide with a partial ester derived 
from a fatty acid and a hexitol 
such as polyoxyethylene sorbitol 
monooleate, or 

(e) a condensation product of ethylene 
oxide with a partial ester derived 
from a fatty acid and a hexitol 
anhydride, for example polyoxy- 
ethylene sorbitan monooleate. 



The aqueous suspensions may also contain one 
or more preservatives, for example, ethyl or n-propyl 
P-hydroxybenzoate; one or more coloring ayents; one 
15 or more flavoring agents; and one or more sweetening 
agents such as sucrose or saccharin. 

Oily suspension may be formulated by 
suspending the active ingredient in a vegetable oil, 
for example arachis oil, olive oil, sesame oil or 
coconut oil, or in a mineral oil such as liquid 
paraffin. The oily suspensions may contain a 
thickening agent, for example beeswax, hard paraffin 
or cetyl alcohol. Sweetening agents and flavoring 
agents may be added to provide a palatable oral 
25 preparation. These compositions may be preserved by 
the addition of an antioxidant such as ascorbic acid. 

Dispersible powders and granules are suitable 
for the preparation of an aqueous suspension. They 
provide the active ingredient in admixture with a 
dispersing or wetting agent, a suspending agent and 
one or more preservatives. Suitable dispersing or 
wetting agents and suspending agents are exemplified 
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by those already mentioned above. Additional excipi- 
ents, for example, those sweetening, flavoring and 
coloring agents described above may also be present. 
The pharmaceutical compositions of the 
5 invention may also be in the form of oil-in-water 
emulsions. The oily phase may be a vegetable oil 
such as olive oil or arachis oils, or a mineral oil 
such as liquid paraffin or a mixture thereof. 
Suitable emulsifying agent.-s may be (1) naturally- 
occurring gums such as gum acacia and gum tragacanth, 
(2) naturally-occurring phosphatides such as soy bean 
and lecithin, (3)esters or partial esters derived 
from fatty acids and hexitol anhydrides, for example, 
sorbitan monooleate, (4) condensation products of 
said partial esterj with ethylene oxide, for example, 
polyoxyethylene sorbitan monooleate. The emulsions 
niay also contain sweetening and flavoring agents. 

Syrups and elixirs may be formulated with 
sweetening agents, for example, glycerol, propylene 
20 glycol, sorbitol or sucrose. Such formulations may 
also contain a demulcent, a preservative and 
flavoring and coloring agents. 

The pharmaceutical compositions may be in 
the form of a sterile injectable aqueous or 
25 oleagenous suspension. This suspension may be 

formulated according to Known methods using those 
suitable dispersing or wetting agents and suspending 
agents which have been mentioned above. The sterile 
injectable preparation may also be a sterile 
injectable solution or suspension in a non-toxic 
parenterally-acceptable diluent or solvent, for 
example as a solution in 1,3-butane diol. Among the 
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acceptable vehicles and solvents that inay be srnployed 
are water. Ringer's solution and isotonic sodium 
chloride solution. In addition, sterile, fixed oils 
are conventionally employed as a solvent or 
5 suspending medium. For this purpose any bland fixed 
oil may be employed including synthetic mono- or 
diglycerides. In addition, fatty acids such as oleic 
acid find use in the preparation of injectibles. 

For topical use, creams, ointments, jellies, 
solutions or suspensions, etc., containing the 
compositions of the invention are employed. 

Treatment dosage for human beings can be 
varied as necessary. Generally, oral dosages of the 
antibacterial compounds of this invention when given 
orally are in the range 250 mg to 4 g per patient 
given 3-4 times daily. The intravenous or intra- 
iu^^cxzl^r dosages are 100 mg to 1 g given 3-4 times 
daily. When the compounds of the invention are given 
intravenously or intramuscularly to potentiate 
carbapenem antibiotics such as imipenem they are 
given in combination with the antibiotic in amounts 
of 0.1 - 10 mg/kg/day. 

The amount of active Ingredient that may be 
combined with the carrier materials to produce a 
single dosage form will vary depending upon the host 
treated and the particular mode of administration. 
For example, a formulation intended for oral 
administration may contain, for example, from 100 mg 
to 2000 mg of active agent compounded with an 
appropriate and convenient amount of carrier material 
which may vary from about 5 to about 95 percent of 
the total composition. 
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Tne amount of active Ingredient that may be 
combined with the carrier materials to produce a 
single dosage form will vary depending upon the host 
treated and the particular mode of administration. 

5 It will be understood, however, that the 

specific dose level for any particular patient will 
depend upon a variety of factors including the 
activity of the specific compound employed, the age, 
body weight, general health, sex, diet, time of 

10 administration, route of administration, rate of 

excretion, drug combination and the severity of the 
particular disease undergoing therapy. 

The compounds of Formula 1 can be prepared 

by the methods shown in the following Reaction Scheme 

12 3 
15 wherein R , R and R are as defined above 

unless otherwise indicated. 

As will be evident to those skilled in the 

art and as demonstrated in the Examples hereinafter, 

reactive groups not involved in the reactions, such 

20 as amino, carboxy, mercapto, etc., may be protected 

by methods standard in peptide chemistry prior to the 

coupling reactions and subsequently deprotected to 

obtain the desired products. Cbz refers to 

carbobenzyloxy . 
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The Cbz •rainoalXylphosphonous acids (l)can 
be prepared according to procedures described by 
P. A. Bartlett tt il. ( J. Amer, Chem, Soc , 
4282-4283 (1984)) and E. K. Baylis t± nl. ( J- Chem, 
5 Sqc. Perkin Trans. 1, 2845-2853 (1984)} and can be 
resolved to give optically active materials by the 
method of Baylis (reference above) . 

Compounds derived 

from both the optically active and racemic materials 

10 are claimed in the present invention. 

The protected aminoalkylphosphonous acid (1) 
is esterified with cither diaromethane or triethyl- 
orthoformate to give the methyl or ethyl ester (2) 
which is deprotonated with either sodium methoxide or 

15 ethoxide in the corresponding alcohol and treated 

with the appropriately substituted acrylate to give 
(1). the protected form of Formula 1. The acrylates 
can be prepared by procedures outlined by 
J. Hariey-Mason in Tetrahedron ifi, 1036-1070 (1980). 

20 

Compound 1 can be alternatively synthesized 
• by alkylation of the protected aminoalkylphosphonous 
acid (1) with appropriately substituted 3-halo- 
piLopionates or acrylates in the presence of a 
25 trialkylsilylchloride such as trimethylsilylchloride 
and a tertiary amine such as triethylamine according 
to the general methods of J. K. Thottathil f^t Al» 
( Tetrahedr nn Lett. 25. 4737-40, 4741-44 (1984). 

30 The phosphinic acid 1 may be esterified by 

diazomethane to give compound ±, 
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REACTION ECHEMT B : 




20 

Compound ± is converted to formula JL by two 
standard routes. The carbobenzyloxy group can be 
removed by cither hydrogenation in an alcohol such as 
ethanol with a catalyst such as Pd/C, or by cleavage 

25 with HBr in acetic acid. Subsequent ester hydrolysis 
in concentrated HCl provides after treating with 
propylene oxide, for example, compounds of formula X 
(R^-H). The carboxyester (R^-elkyl) can be 
isolated by desalting ester hydrobromide The 

30 phosphinic ester (K^-alkyl) can be isolated by 
selective hydrolysis of carboxyester 
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REACTION <t(:uiH^ ti' 



5 CbaNH pH 
I 



10 



15 



1. NiOCH^/CH^OH 

2. H C-C-CO CM 

^(23 



3. R -CHO 

X 



OH 



1 . TMSCl 



2 

CbiNH 'PH 2. H R 



y 



CO^CHj 



3. CH^N^ 



1 



As 



CH-R 

CbzNH p " 
^0 j V^CO.CH. 



OCH^ 



^2^^2 ^' LW/THf 

2. Homogtntoui cit&lyilt 

H^. Rh, CH^OH (Optfon»1 Uf of ch<r»1 Hgmdt) 



25 



30 



OH 

St»nd*rd Otprottctlon 
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This alternative route involves a conjugate 
addition of the phosphonous ester under the conditions 
previously outlined to t r imethyl.2-phosphonoacrylato . 
The subsequent anion is then trapped with an aldehyde 
5 yielding the dehydro compound as a mixture of E and 2 
isomers. This same intermediate can be prepared by 
alXylation of the prdtected arainoalkylphosphonous 
acid with substituted 2-bromomethylacrylates under 
conditions reported by J. K. Thottathil, ^ jlI. 
Tetrahedron Lfitt ,. 2^. 4737-40, 4741-44 (1984). 

The olefin may then be 
selectively reduced using homogenous catalysis. For 
instance, one may use a (COD>2RhCl2 complex with 
an organophosphine ligand in methanol to give compound 
15 1 which can be further elaborated by procedures 
already outlined. 

Chiral organophosphine ligands such as 
(-)2,3-0-isopropylidene-2,3-dihydroxy-l,4-bls 
(diphenylphosphino)butane, ((-) DIOP) , may be used in 
order to produce the S or E stereoisomers at in 
high enantiomeric excess. 

Preferred d i a s t ereomer s for antibacterial 
activity correspond to the absolute stereochemistry 
of D-Ala-D-Ala at the carbons bearing «nd 
25 and are in general described as D(S),D(R) or 
6,R-diastereomers and R^ is E or Z. 

Preferred dl as tereomers for dehydropeptidase 
inhibition correspond to L-aratno acids (R stereo- 
chemistry) at the carbon bearing R^. Stereo- 
30 chemistry at R^ may correspond to either D- or L- 
amino acids for good activity (R or S) . The 
stereochemistry at R^ in dehydro analogs can be 
either E or 2 and preferably is 2, 
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When both antibacterial end dehydropeptidase 
activities are desired the carbon atom bearing 
is preferred in the DL-form. 

Preferred di astereomera are isolated by 

5 chromatography or resolution of intermediates or the 
end products or their salts. 

Racemates may be separated by standard 
methods including by the use of optically active 
amines and acids as resolving agents. The following 

10 examples are illustrative of the subject invention 
and should not be construed as being limitations on 
the scope or input of the instant invention. 

EXANPLE 1 

15 Prepsration of l-Benzyloxyca rbony 1 ami noe thyl- 

Phosphonous ac id methyl ester 

CH^ 



2 0 CbzNH PH 

OCH3 

1-Benzyloxyca rbony laminoethylphosphonous 
acid, prepared by the method of E. K. Baylis £j: a1. 
25 [J. Chem. Soc, Perkin Trans, 2845-2853 (1984)] was 
esterified with diazomethane in an ether solution 
prepared by a method of F. Arndt [Organic Eyn. Coll. 
V. II 165-167 (1943)]. The compound was purified by 
standard chromatography on silica gel. 
30 TLC (silica, 9:1, ethyl acetate : acetonitrile) R^-0.51 
NMR (CDCI3, TKS) 6 1.2 and 1.5 (2d, 3H) ; 2.2 and 
10.1 (d, IH); 3.6 (d, 3H) ; 3.9 (m, IH) ; 5.0 (s, 2H) ; 
6.0-6.6 (overlapping doublets, IH); 7.2 (s, 5H) . 
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5 




OH 



10 To a stirred solution of 0.36 gm (0.0014 

mol) of 1-benzyloxycarbonyl ^.-ninoethylphosphonous acid 
methyl ester in 3 ml of methanol at 0*C was added a 
solution of sodium methoxide in methanol (0.77 ml of 
a 2N solution) dropwise over 10 minutes whereupon was 
15 then added methyl acrylate 0.126 ml (0.0014 mol). 

The reaction mixture was stirred 30 minutes at 0*C 
and 4 hours at room temperature whereupon it was 
diluted with IN HCl. The mixture was extracted twice 
with ethyl acetate. The organic fractions were dried 
20 over sodium sulfate, filtered through magnesium 

sulfate and evaporated in vacuo . The product mixture 
was purified by chromatography (silica, 9:1, ethyl- 
acetate : acetonitrile) to give 0,34 gra of methyl-1- 
benzyloxycarbonylaminoethyl-[2-carbomethoxy-l-ethyl] - 
25 phosphinate. 

TLC (silica, 9:1, ethyl acetate: acetonitrile) R^*0.47 
NMR (CDCl^) 6 1.4 (m, 3H) ; 2.00-2.2 (m, 2H) ; 
2.5-2.7 (m, 2H); 3.7 (s, 3H) ; 3.7-3.9 (m, 3H) ; 4.1 
(quintet, IH); 5.1 (b, 2H) ; 5.2 (d, 1/2H) ; 5.55 (d, 
30 1/2H); 7.4 (S, 5H) . 
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Hie.. Anal. Calc'd for C.^h.^no.p. i/2„ o 

3.97; C, 51.13; H. 6.25 
^ouna: 3.6.; C, 50.78; H, 6.46 

mass spectrum . m* 343 

was ..h °' """^ •forementioned intermediate 

s evaporated in ^.^cu^, dissolved in 5 ml of H O 

3nd washed twice with diethylether tLI ^ 
10 1 ^^^^ »-**jf^ AC t/ier . Tne aoueous 

layer was evaporated in yj^. dissolved in 5 ml of 
concentrated HCl and stirred 3 days at SO'C .nrwaf 
i:'^l~y evaporated ^ hydrocMoride 

13 out ch w as ;:::r'%"^ ^ p-cipit.ted 

the titl. r '"^ with ether to give 

the tatle compound as a hygroscopic glass. 
rtC sxlxca. l:i:a:x, n-butanol :H,0: acetic acid- 
ethyl acetate) 

- Elem. Anal. Calc'd for C^H.^NO^p. a/^M O 
7.19; C. 30.84; H, 6.68 
found: N, 6.79; C. 30.87; H, 6.70 
mass spectrura (FAB) M+1, 182 

EXAMPT.B 3 



25 



30 



I \/ CO,H 



OH 
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By the same methods used for Example 2 and 
using methylmethacrylate was made methyl 1-benryloxy- 
carbonylarainoethyl-t2"Carbomethoxy-l-propyl]phos- 
phinate, 

5 NMR (CDCI3) 6 1.2-1.4 (m, 6H) ; 1.7-1.9 (m, IH) ; 

2.2-2.4 (m, IH); 2.8-2.95 <m, IH) ; 3.7(s, 3H) ; 

3. 65-3. B (ra, 3H) ; 4.0-4.2 (m, 1H> ; 5.15 (a, 2H) ; 

5.4-5.55 (m, IH) ; 7.35 («, 5H) . 

Elem. Anal. Calc*d for C^gH^^NOeP 
^0 N, 3.92; C, 53.78; H, 6.72 

Found: 3.87; C, 53.81; H, 6.47 

The compound was then deprotected by 

procedures used in Example 2 to provide 1-aminoethyl- 

(2-carboxy-l-propyl)phosphinic acid 
15 TLC (silica, 1:1:1:1, n-butanol, water, acetic acid, 
ethyl acetate) R^«0.4 

NMR (D^O) 6 1.25 (d, 3H) ; 1.35-1.45 (overlapping 

d, 3H); 1.7 -1.9 (m, IH) ; 2.1-2.25 (m, IH) ; 2.75-2.9 

(m, IH); 3.3-3.45 (m, IH) . 

20 Elem. Anal. Calc'd for .NO^P. 3/4H^O 

6 14 4 2 

N, 6.71; C, 34.54; H, 6,76 
Found: N, 6.61; C, 34.84; H, 6.69 

Methvl Carboxvestera 

25 Esters of the carboxylic acid functionality 

have been made for all the examples and were prepared 
by dissolving the arainosubsti tuted alkyl- (2-carboxy- 
Bubstituted alkyDphosphinic acid in the appropriate 
alcohol (methanol if one wants the methyl ester). 

30 The solution is then saturated with HCl gas or treated 
with a few drops of sulfuric acid and then stirred 
for 24 hours at which time the reaction is evaporated 
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in ZiCiifi. The amine salt is then desalted with 
propylene oxide as in Example 2 to give the 
carboxyester of the afore described examples. 

5 EXAMPLE 3 A 

I -AminQet : hYl-(2-csrborDethQTv-l - propyl ^ohQSDhinic acid 



10 



^"3 



CH3 



OH 



A solution of 100 mg of 1-aminoethyl- (2- 
15 carboiy-l-propyl)phosphinic acid in methanol (5 ml) 
was cooled to 0-C and saturated with HCl gas. The 
sealed reaction mixture was then stirred 12 hours at 
room temperature whereupon the methanol was removed 
in viiufl to provide the title compound as a hydro- 
20 chloride salt which was desalted via the procedure, 
in Example 2 using propylene oxide to provide the 
title compound. (80 mg) , 

NMR (D^O) 6 1.2 (d, 3H); 1.3 (d, 1 . 5H> ; 1.5 (d, 
1.5H); 1.8-3.0 (m, 3H) ; 3.3-3.7 (m, IH) ; 3.6 (s, 3H) . 
25 Mass spectrum (M'*'+l) 210. 

EXAMPLE 4 

I--Aminpethvl"f 2-carbogyl-n-butvnphosphinig arid 



30 
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By the methocJs previously outlined in 



Example 2 but using methyl-2-ethylacrylate was made 
me thy 1-1-benzyloxycar bony 1 ami noe thy l-[2-car borne t hoxy- 
1-n-butyl] phosphinate . 

NMR (CDCI3) & 0.8 (overlapping, 3H) ; 1,2, 1.5 
(2d, 3H); 1.4-3.2 (m, 5H); 3.7 (s, 3H) ; 3.7 (d, 3H) ; 
3.8-4.3 (ra, IH); 5.1 (s, 2H) ; 5.8 (d, 7.5H); 6.3 (d, 
.5H); 7.3 (5, 5H). 



10 aforementioned methods to proouce 1-aminoethyl- [ 2- 
carboxy-l-n-butyl] phosphinic acid. as a hygroscopic 
glass. 

TLC (silica, 1:1:1:1, n-butenol, water, acetic acid, 
ethyl acetate) R^»0.37 
15 NMR (D^O) S 0.9 (t, 3H) ; 1.3-1.5 (2, 3H) ; 

1.55-1.8 (m, 3H); 1.95-2.1 (m, H) ; 1.6-1.75 (m, IH) ; 
3.2-3.3 (m, IH) . 

Elem. Anal. Calc'd for C-H, ,N0 , P. 2H-0 

7x64 2 
N, 6.16; C, 37.00; H, 7,04 

20 Found: N, 5.95; C, 36.92; H, 7.42 

Mass spectrum: M+H 210^ 

l-Aminoethvl-r2-carboxy-l- n-pentvnphosDhinic acid 

25 



The above compound was deprotected by 
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By methods outlined in Example 2 and using 
methyl-2.propyl acrylate was prepared methyl 

l-benzyl-oxycarbonylarainoethyl-[2.carbometho3o^-l- 
n-pentyl]phosphinate. 
5 TLC (silica, 9:1, ethyl acetate : acetonitri le) R -0.45 
NMR (CDCl3> * 3H); 1.25, 1.5 (2d, 3H> ; 

1.4-3.0 Cm, 7H); 3.65 (overlapping a, 3H) ; 3.7 (d, 
3H); 1.6-4,4 (m, IH) ; 5.0 (s, 2H) ; 5.8 (d, .5H); 6.4 
(d, .5H); 7.3 (s, 5H) . 
10 Elem. Anal. Calc'd for C^flH^gNOgP, I/4H2O 
N, 3.59; C, 55.45; H, 7.18 
Found: N, 3.66; C, 55.42; H, 7.10 
Mass spectrum M'*'385 

By the earlier reported methods, the above 
intermediate was deprotected to produce 1-aminoethyl- 
[2-carboxy-l-n-pentyl]phosphinic acid. 
TLC (silica, l:l:l:i, n-butanol, H^O, acetic acid, 
ethyl acetate) R^-0.4 

(D^O) 6 1.85 (t, 3H); 1.2-1.5 (m, 7H) ; 
20 1.5-1.9 (m, 4H); 1.9-2.1 (m, IH) ; 2.6-2.8 (m, IH) ; 
3.2-3.35 (m, IH) 
Mass spectrum M-H 222. 
Elem. Anal. Calc'd for CgH^gNO^P. iH^o 
N, 5,80; C, 39.83; H, 7,46 
25 Found: N, 5.96; C, 39.48; H, 7. 
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I -Am i nQftrhr l -r2-c arbQxv- i- n - h exvnphn^phinin n r in 




1312507 



3116P/I106A 

- 40 - 

17313Y 

(s 3H^. ; < / ^' 1-1-3.2 (n, 12H); 3.6 

=■= s:,Z. :;„';;-=.r;, 

Wass spectrum 399 
0 . . 

xnis intermediate was conver^or^ 
reported mPhh,^^.. , converted by earlier 

n ^^^^^^^ to l"3minoethyl.[2-carboxy-l. 

n-hexyl]phosphinic acid 

^.55-1.8 (m, 3H); 1,95-2 1 /^m n^x ^ 
' 3.15-3.3 (n,. IH, ' 

Hlen,. Anal. Calc'd for SH,„KO,P. a/.„,o 



25 



3 20"^4'- 

5.79; C, 44.72; H, 8.28 



30 



Found: n, 5.75; C. 44.40; h' fl.'os 
Mass spectrum M* 238 

--Aminoethyl-[2-carboxy-4-methvi i 

^^^^^^^^^ oxy n>ethyl-i-n-pentylJphosphinic 

f3 CH3 

I V" CO^H 
OH 
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By methods outlined in Example 2 and using 
methyl-2-isobutyl acrylate was made methyl-l-benryl- 
oxycarbonylaminoethyl-[2-carbomethoxy-4-methyl.l- 
n-pentyl]phosphinate. NMR (D^O) 1.9 (overlapping d, 
5 6H); 1.5-3.2 (m, 9H) ; 4.6 (d, 3H) ; 3.8-4.3 <m, IH) ; 

5.1 (5, 2H); 5.5 (d, .5H); 5.9 (d, .5H); 7.2 (s, 5H) . 
Elem. Anal. Calc'd for C^^H^^liO^P . l/4H^o 

3.46; C, 56.51; H, 7.44 
Found: N, 3.56; C, 56.34; 7.47 
10 Mass spectrum M* 400 

The intermediate was converted to 1-amino- 

ethyl.[2-carboxy-4-methyl-l-n-pentyl]phosphinic acid 
by methods reported in Example 2- 
NMR (CDCl^) 6 1.9 (overlapping d, 6H) ; 1.3-1.65 
15 (m, 6H); 1.75 (overlapping t, 1H> ; 1.9-2.1 (m, 1H> ; 
2.7-2.9 (m, IH); 3.15-3.35 (m, IH) . 
Elem. Anal. Calc'd for C^H^^NO^P . IH^O 

5.49; C, 42.35; H, 7.84 
Found: N, 5.55; C, 42,79; H, 8.03 
20 Mass spectrum M~ 236 

EXAMPLE fl 

l-Aminoethyl-r2-carboxy-5-cyclohexyl.l-n-pentyl]- 
phosDhin ic ar^f^ 



25 



30 H^N 



A] r-Hc) 

I \AcO,H 



OH 
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By methoc3s outlined in Example Z and using 
methyl-2-[3-cyclohexyl-I-propyl]acrylate was prepared 
methyl-l*benzyloxycarbonylaminoethyl-t2-cnrbomethoxy- 
5-cyclohexyl-l-n-pentyl]phosphinate. NMR (CDCI3) 
5 6 0.8-3.1 (ra, 23K) ; 3.6 (a, 3H) ; 3.6 (d, 3H) ; 

3.6-4.2 (m, IH); 5.0 (s, 2H) ; 5.2 (d, 0.5H>; 5.5 (d, 

0.5H); 7.2 (a, 5H) . 

Elem. Anal. Calc'd for C^^H^gNOgP 

N, 3.00; C, 61.66; H, 8.19 
10 Found: N, 3.19; C, 61.32; h\ 8.08 
Mass spectrum M* 468 

This compound was converted by methods in 
Example 2 to 1-aminoethyl- [ 2-carboxy-5-cyclohexy 1-1- 
n-pentyl]phosphinic acid. 
15 TLC (silica, 1:1:1:1, n-bu tanol : H^O : acet ic acid: 
ethyl acetate) R^-0.66 

KMR (D^O) S C. 8-3.2 (m, 23H> ; 3.7-4.2 (m, IH) . 
Mass spectrum h'*'h 304 

0 EXAMPLE 9 

l -ArTiinPRthyl-r2-carboxv-l-nonv n Dho*;nh4nic acid 



25 



30 




Methyl-l-Ben2yloxycarbonylaminoethyl-[2-carbo- 
methoxy-l-nonyl]phosphinate was prepared in 60% yield 
by the method described in Example 2. 
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NMR (CDCI3, 3°° 6 0.9 (m. 3H> ; 1.2-1.4 (m, 

13H).. 1.6 (m, 2H); l.B (m, IH) ; 2.2 (m, IH) ; 2.8 (n,, 
IH); 3.7 (m, 6H) ; 4.1 („, ih) ; 5.0-5.3 (m, 3H) ; 7.4 
(br s, 5H> . 
5 Elera. Anal. Calc'd for C22H3sNOgP 

N, 3.17; C, 59.85; H, 8.22 
Found: N, 3.06; C, 59.94; H, 8.03 
Mass spectrum (pos. ion FAB): M*h 442 (100%) 
Analytical TLC: R^..69 (ethyl acetate/acetonitrile/ 
10 methanol, 9 : 1 : . 5') 



15 



20 




COOH 



The title compound was prepared by the 
procedure described in Example 2. 
NMR (D^O. 300 MHz): 5 0.8 (t, 3H) ; 1.3.1.5 (m, 13H) • 
1.5-1.8 Cm, 3H); 2.0 (m, IH) ; 2.7 (m, IH) ; 3.2 (m, 1h) 
Elem. Anal. Calc'd for C^^H^^m^P: 
5.01; C, 51.60; H, 9.38 
25 Found: N, 5.03; C, 50.94; H, 9.02 

Mass spectrum (pos. ion FAB): M^H 280 (100\) 
Analytical TLC: R^«.67 (ethyl aceta te/l-butanol/ 
acetic acid/water, 1:1:1:1) 



30 
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l-An,.noethyl-r2-carboxy-3-phenyl-i-„.p„pylj. 



10 



15 



20 



otA/ CO5H 



25 



n-PropylJphosphinate. Pnenyl-1- 



30 



3.4-3.6 (m, 6H); 3.7-4 3 /m itrx 

Hie.. Anal. Calc'd L 'c „ '.o'p '''' '"^ ' 
3.20; C, 60.34; H, 6.44 ^ 

Mass spectrum M* 433 

Exa.ple /''^"'^^-"'^ converted by method, in 

^.^-7.45 (2 overlapping ^">'- 
=lem. Anal. Calc^d for C^.H^^^O^p. i„ 

4.84; C, 49.82; H. 6.22 
^ound: 4.61; C, 49.45; H, 6.32 

Mass spectrum M-1 270. 
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CH3 Ph 

OH "CO^H 




, '"^thods used In Example 2 .nd employing 
methyl-2-p,enethylacryl.te w,s made n,ethyl.i!t,enz" 

^^^^^^^^^^ 

Wass spectrum; M+I 445 

Example V°T°""' "-erted by methods in 

Example 2 to ^-'nilnoethyl-f 2-carboxy-4-phenyl-i 
n-butyljphosphinlc .cid. Pnenyl-i- 

TLC (.inc., n-but.nol:H^O:.c.tlc .cid- 

ethyl acetate) 

« <^2°> « 1-35-1.5 (ov.rl.ppm, 

1.85-2.05 (m, 3H); 2.1-2.3 («, 1„, ; 3.3.3 45 

riem. An.l. c.lc-d for C^jH.^KO^p.i^.h q 
^' '••"3; C, 53.88; H. 6.90 
30 round: H, 4.62; C, 53.78; H, 7.19 

Mass spectrum M^-l 284. 
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l-Aininoethyl-l2-carboxy-5-phenyl-l-n-pentyl]- 



10 



15 




By methods used in Example Z and employing 

methyl-2-(3-phenyl-l-propyl)acrylate was prepared 

methyl-l-ben2yloxycarbonylaminoethyl-[2-carbomethoxy. 
5-phenyl-l-n-pentyl]phosphinate. 

TLC (Silica, 9:1, ethyl acet ate : acetoni tr i le) R,-0.44 
NMR (CDCI3) 6 1 .2 (d, 1.5H); 1.5 (d, 1 . 5H) ; 
1.5-3.2 (m, 9H); 3.6 (d, 3H); 3.7 (s, 3H) ; 3.7-4.2 
(m, IH); 5.0 (s, 2H) ; 5.5 (d, .5H); 5.9 (d, .5H); 7.1 
(s, 5H); 7.3 (s, 5H). 

This compound was converted by methods in 
20 Example 2 to 1-aminoethyl- [2-carboxy-5-phenyl.l- 
n-pentyl]phosphinic acid, 

TLC (silica, 1:1:1:1, n-butanol : H^O: acetic acid: 
ethyl acetate) K^-0.32 

NMR (D^O) 6 1.3-1.4 (2 overlappinff d, 3H) ; 
25 1.4-1.7 (m, 5H); 1,85-2.0 (m, IH); 2.1-2.3 (m, IH) ; 

2,45-2.6 (m, IH) ; 2.6-2.8 (m, IH) ; 3.45-3.55 (m, IH) ; 

7.1-7.3 (rn, lOH) . 

Mass spectrum: (M+1) 266 

Elem. Anal. Calc'd for C^^H^^NO^P. 1 . SH^O 
30 N, 4.413 C, 51.53; H, 7.66 

Found: N, 4.04; C, 51.35; H, 7.41 



I 
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EXAMPLE i:^ 

l-Aininoethyl-[2,3-c1icarboxy.l.n-propyl3phOEphinic 



10 



CH 

A 



CO^H 



OH CO^H 



By methods used in Example 2 and employing 
niethyl-2-t-butoxycarbonylmethylacrylate was prepared 
methyl-l-benzyloxycarbonylaminoethyl-rp-carbomethoxy- 
3-butoxycarbonyl-l-propyl]phosphinate. TLC (silica, 
9:1, ethyl acetate: acetonitrile) R.-0.58 
15 NMR (CDCI3) 6 1.2 (d, 1.5H); 1.5 (d, 1.5H); 1.4 

(s, 9H); 1.8-3.2 (m, 5H) ; 1.625 (s, 3H) ; 1.64 (d, 
3H); 2.8-3.3 (m, IH) ; 5.05 (s, 2H) ; 5.3 (d. .5H); 5.7 
(d, .5H); 7.2 (s, 5H> . 

Elem. Anal. Calc'd for <^21^27!^^h^ '"^^^^^^ 
^° N, 3.03; C, 54.60; H. 6.98 

Found: N, 3.15; C, 54.65; H, 6.94 
Kass spectrum M* 457. 

This compound was converted by methods in 
Example 2 to l-aminoethyl-r2 , 3-dicarbc.xy-l-n-propyl] - 
25 phosphinic acid. 

NMR (D^O) 6 1.3 (d, 1.5H); 1.55 (d, 1.5H); 

1.8-2.4 (m, 2H); 2.6-2.8 (ra, 2H) ; 2.9-3.7 (ra, 3H) . 

Mass spectrum: (M^-l) 238. 



30 



1312S07 

3116P/1106A - 48 - 17313Y 



I-Aininoethyl-[2,5-dicarboxy-l-n-pentylJphosphinic 



CH3 CO^H 



10 



20 



A? 




OH CO^H 



By methods used in Example 2 and employing 

dimethyl-2-(3-carboxy-l-propyl)acrylate was prepared 

trimethyl-l-benzyloxycarbonylaminoethyl-[2,5-dicarboxy- 
l-n-pentyl]phosphinate. 

TLC (silica, 9:1, ethyl acetate : acetonitri le) R,-0.48 
15 NMR (CDCI3) 6 1.2-3.1 (m, 12H) ; 3.55 (s, 3H) ; 3.6 

(d, 3H); 3.7.4.2 (m, IH) ; 5.0 (s, 2H) ; 5.3 (d, . 5H) ; 
5.75 (d, .58); 7.2 (s, 5H) . 
Mass spectrum: M* 443 

This compound was converted by methods in 
Example 2 to I-aminoethyl- [2 , 5.dica rboxy-l-n-propyl] - 
phosphinic acid. 

NMR (D^O) 6 1.1-2.8 (m, 12H); 3.1-3.6 (m, IH) . 
Mass spectrum: (m'*'+1) 268. 



EXAMPLE 

l-Aminoethyl-[2-carboxy-6-hydroxy-l-n-hexyl] phosphinic 



OH 
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■10 Mass spectrum: M* 529 

E«m.l J""'^ ^°'^POun6 was converted by methods in 

n hT to ^-a:.inoethyI-r2-carboxy-6-hydroxy-l- 

n-hexyl]phosphinic acid. 

nass spectrum: (M*+i) 264. 

. EKj^Phr Iff 

I-A.xnoethyl-f2-carboxy-.-(a.„3pbtbyl,-i_„_,,tyIJ- 



20 



25 




OCH. 

30 ^ 



CCKXH^ 



Wethyl.l-benzyloxycarbonylaminoethyl-r2. 

carbo.ethcxy-..(i.naphthyl,.i.n-5utyl]phosphinate was 
prepared an 65. yield by the method described 1^ 
Eirample 2, 
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15 



NMR (CDCI3, 300 MHz): 6 1.4 (q, 3H) ; 1.9-2.2 (m, 
3H); 2.3 (ra, IH) ; 3.0 (ro, 3H) ; 3.7 (m, 6H) ; 4.X (m, 
IH); 5,1 (m, 3H); 7.2-8.0 <ii, 12H) . 
Elem, Anal. Calc'd for C^^H^^HO^P .l/2H^O 

N, 2.76; C, 63.96; H, 6.51 
Found: N, 2.42; C, 63. B5; H, 6.33 
Mass spectrum (EI): M* 497 (lOV). 

Analytical TLC R^..58 (ethyl acetate/acetoni t r i le/ 

methanol 9 : 1 : . 5) 




COOH 



OH 

'^^^ title compounca was prepared by the 
procedure described in Example 2, 

NMR (D^O, 300 HHz): 6 I.4 (q, 3H) ; 1.8 (m, 1H> ; 
2.1 (m, 3H); 2.8 (m, IH) ; 3.1 (m, 3H) ; 7.4-8.1 (m, 
7H). Elem. An,».l. Calc'd for C^7H23NO^P.3/2H O 
3.86; C, 56.30; H, 6.90 

Found: 3.66; C, 56.23; H, 6.71 

Mass spectrum (neg. ion FAB): M-H 334 (25%). 

Analytical TLC: R^-.67 (ethyl acetatc/l-butanol/ 

acetic acid/water 1:1:1:1) 

30 
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EXAMPLE 17 

l-Aminoethyl-[2-carboxy-4-(2-naphthyl)-l-n-butyll- 

PhosDhi nlc nr.\^ 



10 




OCH 

15 ^ 

Methyl-l-benzyloxycarbonylaminoethyl-[2- 
carbomethozy-4-(2-naphthyl).l-n-butyl]phosphinate was 
prepared in 75\ yield by the method described in 
Example 2. 

20 NMR (CDCI3, 300 MHz): S 1.4 (m, 3H) ; 1.8-2.1 (m, 

3H); 2.3 (m, IH) ; 2.7 (m, 2H) ; 2.9 (m, IH) ; 3.6-3.7 
(m, 6H); 4.1 (m, IH) ; 5.1-5.3 (m, 3H) ; 7.3-7.8 {m, 
12H). 

Elem. Anal, Calc'd for C^^H^^NOgP. I/2H2O 
^5 • N, 2.76; C, 63.96; 6.51 

Found: 2,40; C, 63.79; H, 6.43 

Mass spectrum (EI): m'*' 497 (12%). 

Analytical TLC: R^«.67 (ethyl acetate/acetoni t rile/ 
methanol 9:1:. 5) 

30 
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COOH 



The title compound was prepared by the 
procedure described in Exan,ple 2. 

.nai^tL ;:c"r: ,T:,,r: "^^^ 

^. . Rf-.65 (ethyl acetate/l-butanol/ 

acetic acid/water l:l:i:i) 

EXAMPT.i:; ]fl 

l-A.inoethyl-r2-carbcxy-5-(.-py.iayi,_i.„_pentyl]- 




OCH^ 



COOCH^ 
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Methy 1-1-benzy loxycarbonylarainoethyl- [2- 
carbomethoiy-5-(4-pyri(3yl) -1-n-pentyl] phosphinate was 
prepared in 84\ yield by the method described in 
Example 2. 

5 KMR (CDCI3, 300 MHz): 6 1.35 <q, 3H) ; 1.80 (m, 

IH) ; 2.25 (ra, IH); 2.55 (m, IH) ; 2.6 (ra, 5H) ; 2.80 
(m, IH); 3.6 (d, 3H) ; 3.7 (a, 3H) ; 4.1 (ra, IH) ; 5.1 
(d, 12Hz, .5H); 5.1 (s, 2H) ; 5.7 (d, 12Hz, . 5H) ; 7.1 
(d, 6Hz, 2H) ; 7,35 (br s, 5H) ; 8.5 (d, 6Hr, 2H) . 
10. Elem. Anal. Calc'd for C23H2j^N20gP 
N, 6.06; C, 59.73; H, 6.76 
Found: N, 5.99; C, 59.08; H, 6.73 
Mass spectrum (pos. ion FAB): M^H 463 (100\) . 
Analytical TLC: R^«.30 (ethyl acetate/acetoni tr i le/ 
15 methanol 9 : 1 : . 5) 



20 




25 The title compound was prepared from the 

above compound by the methods described previously. 

NMR (D^O, 300 MHz): 5 1.3 (q, 3H) ; 1.7 <m, 5H) ; 

2.1 (ra, IH); 2.8 (ra, IH) ; 3.0 (m, 2H) ; 3.2 (m, 1H> ; 

T.9 (d, BHz, 2H); 8.6 (d, 8Hz, 2H) . 
30 Mass spectrum (pos. ion FAB): M+H 301 (100%). 

Analytical TLC: R^-.15 (ethyl acetate/l-butanol/ 

acetic acid/water, 1:1:1:1) 
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3 



^"3 



CO^H 



^0 using l-(LTbenJr' ""^ ^' ^ut 

Propyljphosphinate. carbomethoxy-1- 

2-2-2. 4 (m. IH); 2.3.3.0 ,„ ,„,.,,, ' ' ' 
«"s spectrum; FAB <M*H)-358 

" use. Ji;.";^\"r,:::,:r;--\" 

= ar.ox.-.-p.op.I,pHos;M„L .cit 

TLC: (silica, n-but«nol. water ac.^. 

•cid, ethyl acetate) R .0.52 ""^ 

NMR (o^o): « 1.25 (t, 3H); I.3-1.5 (overla.M 
^° 3H>; 1.7-1.9 („, iH); 2.1-2 3 L IK^ T ' 

(-^ IH,; 3.3-3.5 i„, . '"^ '* ''''-^'^ 

Elem. Anal. Calc-d for C,h,^ko,p. i» o 
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6.57; 33.81; H, 6.62 

Founc!: N, 6.51; C, 33.63; H, 6.39 
Mass spectrum: FAB (M+H)«196 



15 



25 




By the same methods used for Example 2, but 

usang l-(c)-benzyloxycarbonylaminoethylphosphous .cid 
.. . -ethyl methacrylate. was made methyl-l-benzy loxy- 

carbonyl-D-aminoethyl-r2-carbomethoxy-l-propyl]- 
phosphinate. 

TLC: (silica, 9:1, «thylacetate: acetonitrile) 
- 0.54. 

20 Rotation data: . l^JLJLn±LlQX - -.37.2. 

0.0475 

XL 300 NMK: 5 1.15-1.45 (m, 6H, ; 1.7-1.9 (m, 1„, ; 
2.2-2.4 (m. IH); 2.8-3.0 (m, IH) ; 3.7 (s. 3H) ; 
3.55-3.8 (m, 3H); ..0-4.2 (m, l„, ; 4.95-5.1 (n>, 1„) ; 
5.1 (s, 2H); 7.4 (s, 5H) . 

El. analysis: Calc. for C^gH^^NO^P. 1/2H.0 

N. 3.82; C, 52.46; H. 6.60 
Found: N, 4.04; C, 52.02; H, 6.50 
Mass Spectrum: FAB (m*H) - 358 



30 



The compound was deprotected by procedures 
"ed m Example 2 to provide l-D-aminoethyl-{2- 
carboxy-l-propyl)phosphinic acid. 
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(silica, n k,.*. 

Foun. ^' 36.10; iS?07 ^ 

Mass ^ ^' 

«ass spect.u.: k.b . ,,,, _ 



. £^L^^^PT,F: ?i 
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25 



30 



By the same methods used fr^-r v 

-ethyl-i 1" "'«^''--l-2-ethacry:ate. was made 

ethyl l-^«n-ylozycarbonyl-i,-amino3thyl-r2-carbo 
n>ethoxy-l-n-butylJphosphinate °" 
T.C: csinca, ethyUcetate : acetonitrile, . 

3H); 1.5-1.7 (n,. 2H); I.15-1 9 /j 

7.35 (s, 5H). ^' =-3-5.5 (m, IH) ; 

EI. analysis; Calc. for C H Kn t. , 

N. 3.68; C, 53.68; H, 6.89 ^ 
N, 4.00; c, 53.80; H, ' - 



6.70 
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Mass Spectrum: FAB (m+H) . 372 
Hotation data: . l^Ul^j^,^^ . 

0.0127 

5 used in ExalrT""" ''-^^otecte^ by procedures 

sed in Example 2 to provide l-L-aminopthyl-(2. 
"'^°^^-^-"-b"tyl)phosphinic acid. 
TLC: (silica, l:l-i-i k,.*. 

^ound: K, 5.7.; c, 34.36; H, 6.51 
Ma=s spectrum: FAB (m*H) - 210 

EXAMPT.F pp 



20 



25 



£w?pr,F ??, 



"2" 




30 



Exam.i described in 

Example 2, but usin, l-(0)-benxyloxyaminoetbyl- 
Ph sphonous acid methylester and »etbyl-2-ethyI- 
sulfate. was made ".ethyl-i-benzyioxycrbcnyl D 
eth,i t2-carbomet.oxy-l-„_butynp.osphi„ate 
TLC: (s.lica, 9:1, ethylacet,te:acetonitrile, . 

^^(CDCl3,: 6 0.7-1.1 (m, 3„) ; 

3- 3H); 3.6-3.8 (d, 3H, ; 3.9-4.3 (m, aH,! 5.1 
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(s. 2H); 5.9 (d. 1/2 H) ; 6.4 (d, 1/2 H) ; 7.2 (bra, 

5H) . 

El. analysis: Calc. for C^^^H^^m^P. l/ZH^O 

N, 3.68; C, 53.68; H, 6.89 
Found: N. 3.81; C. 53.63; H, 6.51 
Mass Spectrum: FAB (m+H) - 372 
Rotation data: - f■^0■ll9^Mn> . ♦276.4- 

0.0434 



compound was deprotected by procedures 
used in Example 2 to provide l-D-aminoethyl-(2- 
carboxy-l-n-butyl)phosphinic acid. 
TLC: (silica, 1:1:1:1, n-butanol, water, acetic 
acid, ethyl acetate) . 0.46. 
15 XX. 300 NMR (D^O) : 6 0.85 (overlapping t, 3H) ; 
1.3-1.4 (overlapping d, 3H); 2.55-2.7 (m, 2H); 
2.75-2.9 (m, IH) ; 2.05-2.2 (m, IH) ; 2.6-2.85 <m, IH) • 
3.3-3.4 (m, IH). 

El. analysis: Calc. for C^H^gNO^P. 11/4H O 

N' 6.04; C, 36.29; H, 6.96 
Found: H. 6.07; C, 36.40; H, 7.27 
Mass Spectrum: FAB (m+H) - 210 (2m*H) - 419 



25 



EXAWPT.P 2:\ 

I -L-A^1inopthvl-r2-^nr^PTy-^-nonvn-p^.r^<^>^^ n^^ 



30 X o 




"2** -P- y COOH 

[L) OH 
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3116P/1106A 

" ~ 17313Y 
The title con-.pound was made frora methyl 

or^ZlTT."^''°'"' procedure 
of Example 19. Spectral data of the obtained 

compound: 



^ nop MKr. n^ni- 6 

1.6 (br B, 2H) 



10 



2.7 (m, IH) i 
2.0 (m, IH) I 



< (q* 3H> 

2 (br lOH) 



(m, IH) 0.8 (t, 3H) 

278 (M-H, loot) 

calc. for C.^H^.NO^P f^und 
C: 51.60 
H: 9,38 
5.01 

20 4.78 

EXAMPt.f; P4 



51.53 
9,07 



25 



30 



O 
O 
P 
I 

OH 




COOH 



The compound was made from methyl 2-n-heptyl. 
Propenoate following the general procedure of r„mpL 
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3-2 (m, IH) 

2.0 (ra, IH) 
^•"^ (ra, IH) 

278 (M-H, 100\) 



17313Y 



^•fi (br 8, 2H) 

(q, 3H) 

^•2 (br B, lOH) 
0.8 (t, 3H) 



15 



C 
H 
N 



51. 60 
9.38 
5.01 



found 



50.97 
9.04 
5,02 

U (Benzoxycarbonylan.ino)ethylJ/2 m.^. 



20 



25 



30 




CbzNH 



9.3 mmol) at 0-c. After .ti... ^^""^l-te (Lgg 

for 20 hour., the reaction mlJ^ ' ""^ ^•'"'P^'ture 
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dried over anhydrous magnesimn sulfate. The mixture 
obtained by filtration and evaporation was purified 
by silica gel chromatography (eluted with chloroform 
followed by 10% methanol-chlorof orm) to give 2.50 g 
5 (yield 79\) of the product. 

KMR (CDC13. -im. 2.9 (m. 2H) , 3.75 (s, 

3H), 4.2 (m, IH). 5.10 (s. 2H) , 5.60 (d, IH) , 5.85 
IH), 6.30 (m, IH) , 7.30 (s, 5H) . 

10 



15 



20 



25 




CO^CHj 



(l-An,inoethyl)(2-carboxy-2-propenyl)pho5phinic 



To a solution of 341 mg (1 mmol) of [1- 

(benzyloxycarbonylamino)-ethyl](2-n>ethoxycarbonyl-2- 
propenyDphosphinic acid in methanol (20 ml) and H O 
(8 ml), was IN NaOH (2.2 ml, 2.2. nmol) and the ^ 
mixture was refluxed for 3 hours. After evaporation 
of methanol, the aqueous layer was washed with 
chloroform twice and then acidified with 2R HCl. The 
aqueous solution was extracted with chloroform four 
times and the combined organic layer was dried over 
anhydrous magnesium sulfate. Filtration followed by 
evaporation gave 330 mg (yield 100%) of ri-(benzylcxy- 

carbonylamino)ethyl](2-carboxy-2-propenyl)phosphinic 
30 acid. The obtained above phosphinic acid (163 mg, 
0.5 mmol) and sodium iodide (300 mg, 2 mmol) were' 
dissolved in acetonitrile <3 ml). Then trimethyi- 
silyl chloride (0.25 ml) was added and the mixture 



1312607 



31l6P/il06A 

~ " - I7313y 

"ig (yield 62\) of M , to 9lve 60 

P'^openyDphosphinlc. acid. carboxy-2- 



20 



TI-C^(silica, butanol:.ceUc acid:H,0 - 

NMR (CD OD ^ 1 ^ / 
-IH;/ 5.9 (m, IH) 

^ . EXAMPT.P 7ff 



25 




30 



ethyi:(2-cal'xTr ^^-^^-^^^"^c.rbonyl.^ino,. 

y ; ^^/="^°^y-2-propenyl)phosphlnic acid M30 
i -"-OD m 30% hydrogen bromide containing 
«cid solution was stirred at zooTV 

^ours. After ether (20 ^*""^"«ur. for 4.5 

t.te was nitered and d t'h 

•n. then it wa. dissolved i„ l ™"" 

colorless powder, .hic^wa^lrr.^e 
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10 



1 7313Y 



• cld. ' '""""'"''-'-'■"■"»-"»Pn>Pho.phi„lc 



15 



30 




A solution of 1.053 O (4 097 n,„,„ll 

procedure given in Example 1, 2 5 iT^f wff 
methanol at 0' w.. ^ ^ distilled 

ac 0 was treated dropwlse ow^ ia 1 
"ith 2.25 mL of 2 ON n,.f>,. """"^ ^0 mlnutea 

" (4.50 „>.ol; 11 , ' n.ethoxide 

co.piete. the-^i::::.. w^^". :.:r:r:;,°v- 

-nutes at 0- .efore . .olution": ZT^atl I ' 
over 5 minutes. After 1 . 

-on, temperature for 2 hours. 
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15 



25 



^ ^< ' 17313Y 



with 9/1 ethyl .n^^,^ . arapny on silica, eluting 



T -J ^ . , ^ 



^•3-7.4 (m, 5H) 4 , , 

5.2 (s 2H) 

M^''^ Prr^f? rrn u 

M* 355 (.5%) 



calc. for C,-H,,No,P , ^ 

C: 54.08 " 



30 



6.24 
3.94 



53.01 
6.19 
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5 




COOH 



^"ted hydrochloric .r.:. f"!^.^"'^-'' 4 „1 

concen- 

is weeks. '''''^ ^"'l ^'eated at 50- for two 

^^«tate. The aqueous "''^ ^'^^^i 

•^^y-ss, the res^dl V -^P°"ted to 

- -ter and .ree^rred t^^jr ' ^ ^^^^^^^^ 
-^i'^. The solid was dis , ' ' ""'^ 
-thanol and treated .itr°'^^'' ^ '^"l^te 
^^^e precipitate was fiite.eTr ^"^^^^^ "i^e. 
-«cuu™ to afford 52 mo\o ""<^« 
" c-Pound as a white poJe; °' "tie 

3.9 rm.7H\ 



° 2.2 <^'^»> 



tlsss f?ppr XtLLrZAgl 

M-H 228 (100%) 



I 
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20 
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10 H2N 




-HCl 

COOH H2N 
i somer 




E-isomer 



A. "-t^yl-l-benzyloxycarbonyla.inoethyl-C^-carbo- 
rnetho.y-5-phenyloct-2-enyl)phosphi„ate (E & z 

ISOmPTf;) 

The title compounds were obtained from 

acrvL. M ^-^-i^-thylphosphono- 
aL . . P'^enylp.opion- 
lae.yde a2.. „.ol, by a method described 

n , Chromatographic separation (silica 

the Tit, ' ^'^^ = Of 

the title compound (0.654 gm) as 

TLC (Silica, 9:l:0.5, cthyl.cet.te:.cetonitrlle: 
n-ethanol) (both isomers). 



.HCl 



30 
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10 



15 



20 



25 



30 





7.2-7.4 


(ni,10H) 


7.0 


(m,lH) 


5.5 


(c3, .5H) 


5.1 


(m,2.5H) 


4.1 


(ni, IH) 


3.7 


(ra, 6H) 


2.6-3.0 


(m, 6H) 


1.3 


(m, 3H) 



7.2-7.4 {ra,10H) 

5-2 (ra,lH) 
5.4 (d,.5H) 
5.1 (ra,2.5H) 
4-1 (m,lH) 
3.7 (ni,6H) 
2.7-3.0 (m,6H) 
^•3 (m,3H) 



E isomer: 459 (M+,l\) 
2 isomer: 459 (M+,l\) 



B. 



for 2 isomer) of the titl. r- isomer, 79% 

/ tne title compounds ii« uk^t.. 
TLC (silica 1-1. 1.1 i-w , white powders. 

E-isomer»0. 57. 



7.2-7.4 (m,5H) 
fi.8 (m,lH) 
3.3 (m,7H) 
i.3 (q,3H) 



7.2-7.4 (m,5H) 
6-0 (ni,lH) 

3.1-3.3 (m,7H) 
^•3 (q,3H) 



13126U7 



3116P/1106A - 68 - 17313Y 

Mass Spec (NI FAg) : 

E isomer: 296 (M-H,100\) 
Z isomer: 296 (M-H,100\) 



EXAMPLE 3 0 

l-AminoethYl-f 2-carbga:Y-PCt-2-enyl)pliQSphinic acia 
(£/Z mixture) 



H2N ./ COOH 

t 

OH 



15 A, Methyl 1-t-butoxyca rbonylaminoethyl- (2-carbo- 
fn ethQ;^y-QCt-2-envnphosphinate fE/Z mixture^ 
The title compound was preparecS form 
1- t-butoxycarbonylaminoethylphosphonous acid methyl 
ester (0.616 gm, 2.76 mmol), (example 36> 
20 2-trimethylphosphonoacrylate (1.08 gm, 5.54 mmol), 
anca hexanal (0.55 gm, 5.5 mmol) by the method 
described in Example 27. the product was purified by 
chromatography (silica, 5\ methanol in ethylacetate) 
to give the title compound (0.805 gm) as a mixture of 
25 E/2 isomers. 

TLC (silica, 9:1:0.5, ethylacetate : acetonitrile : 
methanol) R,-0.40 



30 



1312607 



3116P/1106A 



10 



15 



- 69 - 

7-0 (m.SH, z isomer) 
(jh.SH, e isomer) 
5.0 (m,lH) 
-^-i (ra,lH) 
3*7 {m,6H) 
3-0 (ra,2H) 

392 (M+H, 38V) 

calc. for C,gH3^NO^p-a/2H^0 
C: 53.99 

8,80 
N: 3.50 



17313Y 



2.5 (m,lH) 
2.3 (m,XH) 
^•9 {m,lH) 

^•3 (tn,BH) 
0-9 (t,3H) 



found 
53.23 
8.30 
3.51 



B. 



20 



25 



30 



I'Aniinoethyl-(2-carboxy-l.oct: :> . ,x 

The title conipoun^ 

I't.butoxycarbonyla.inoethyl-C2 LrH 

enyl)phosphinate (o 17. . ^"^'^ "^°^^"°'y"l"Oct.2. 
ii-c (Silica, I'l'i.i , 

wateo K.-O.ST "'"^^""^-^-•n-i'uta..ol : .cetic:- 

7-0 (m,5H. Z Isomer) 2 4 ^„^ 

0-8 (br S.3H) 
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10 



26? (H-H, 100%) 

£XA^TPf,J^ 2] 



cbzm 




A solution of 1 04nT^rT7~77 ^ ^ " 

wuAtional 5 minutes A^ n» w ^ 
'solution Of 0.94 ml (x.^a , " " ° • 

trimethyl-2-Dhn. >, eg.) 

cnyi 2-phosphonoacrylate (Fluka> In i , 
distilled methanol was ^^•^"'^») in a ml 

After I hour at C 0 „T . ' 

^= ^yc^e (Formalin, wai aaL/. f'^ 

-J/ g « 12 mmol • 3 eo \ 

layer was removed and th« organic 
-ith 5 mL ethylacetate th °" --extracted 

"tate. the combined organic extract. 
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"ere washed with 2 x 5 k • 

"lagnesiura sulfate ^""«te onto anhydrous 

volatiles removed undeJ " "^^"^'^ 

= yellow Oil Which uTZ:T.T."° ' 

"«uid Chromatography on .f' " """"" 

-ethanol/ethylacet.tr °" " . "^'^'^ " 

-^rorded l.O^l l 'l l; thl. 
compound as a viscous / ^ 



con,pound as a viscous oil. 

3'-' '''''' 3.0 (dd,2H, 

Si r'"' ^'^ 
5-1 (brs, IH) 

H; 6.36 ^^-"^ 



20 



30 



CbzNH 



H H 




COOCH. 
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" "^^ " 1 73J3Y 

« roc. in ao drr 

^ol, 1 1 . treated with 94 » /•» ^ 

' ^-i eq.) anhydrous lithl.. ..... ^^-^ 



10 

0 



^01^ 1 a 7-"«"e was treated with 94 „ 

' -^--^ eq.) anhydrous . ^ ^^'^ 

-^"ial With «ppea.anL ' T'!"" °^ ^'"""^ 



0.70. * the product with Rf of 

the --iau^'\e7L^'o\^"/rn^r""^^ 
'^>- The aqueous layer wa" ^'f'""^-^* , ao 

-i^inea .i.ture w.s extract . " °' ' 

n^);.the co.Mne. or;:-:'":" ^^hylacetate U 
-th brine and filtered thro k 

-'^i"". sulfate onto anhvd' ' " °' "hydrous 

■ -^^tration and reJvaTorso; 

title compound (i 77, „ ^" "'""^ '"orded 

Paie yellow solid. ' « a 



25 



=•1 <br s,.„, ^^^^^^^ 
""^^^-^^^^-^^^ 342(100%), „,„ 
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calc 

C: 51.43 

H: 6.03 

N: 4.00 



found 

51.09 
5.67 
4.02 



10 



£XAMPT,f; 



15 



20 



25 




COOCH^ 



30 



»e...o. ^^^^^^^^^ 

PropenyDphosphinic acid in 3 mL o<r ^ 

0.5 mL of benzene was h / methanol and 

oenzene was hydrogenated at 40 oai in 
presence of 25 mo of i «: , " 

the mi.tur. w.s ailut.a with lo , 
■"tic .cla to th, tit!. „„p=„„a. 
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7.3-7.5 


(m,6H) 


2.2 


(m,lH) 


5.1 


(dd,lH) 


1.8 


(ra,lH) 


4.0 


(m,lH) 


1.3 


{dd,3H) 


3.7 


(a,3H) 


1.2 


(d,3H) 


2.9 


(ni, IH) 







Mass Snpr CNTFAp); 342(40%), M-H 

calc. for C.jH^oNOgP 

^= 52.49 

6.16 

N: 4.08 

acid/wnt-pr: T t • i ; i ) . q 

Q£^ Cfl l Rpf fl Mon : +30. !• (CH3OH, c-.3> 



20 



25 



H OH 



30 



EXAMPT.Tv 

)H 

(l--D-An,inoethyl,-(2-carbory-2-D-r,ethyl-l-ethyl)pho»- 

pn^n'fc aclfl 

cxy 2-D..ethyl-l-ethyl,phosphlnic .cid w.h converted 
to the title compound in 60% yield by procedures 
described in Example 2. 
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iaiS_i3 00MHT. P^pjt-Lt 

3-25 (m.lH,) 1.68 (m.lH) 

2.8i (d,lH,) 1.38 (dd,3H) 

5 ^'''1"^ 1.27 (d.3H) 

^^^^^^Pec fNIFftRU 194(55%), M-H 

^^^^^i^i^Jii^ 1:1- 1-1^. o^Ts 

10 



15 



20 



CbzNH 




A. >'«thyl(l-Benzyloxycartonylaminoethyl,-(2.c„bo 
1 h., , compound wa. prepared from 

- yl. . a 3^ '•:''™°^>' -^^i-thylp.o.pHono/ 

/late (1.31 g., 6.7r»ol), and Phenyl.cetaldehvd. 

a.08 8.9 n^oli by the procedure described 

30 Hx«„p,, ^^^^^ ^^^^^^^ p.rined 

c ro t c.nica, .:i, ethyIacetate:.ceL 

n^trxle) to give 0.41 gm of the title compound 
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TLC (silica, 9:1.0 5 , 



7.0-7.4 (ni,liH,) 



^•5 '(d,.5H) 
(m,2.5H) 



3-7 (ni,6H} 
(Tn,2H) 



10 



446 (M+H, 100%) 



H: 6.43 
N: 3.08 

3.14 

0..3 JzTw : ::r,\^"r/''' ^^^^^^ 

concentrate. hcI ( J. ""j"' ^ 

the hya.ochlorl.e .^t o/t°h""rf 

TI-C (silica, 1:1.1.1 ethv/ 

-cid.-water) J^.-o.^a. '''^''"^'^--^^^'nol-cetlc 



30 



3-4 (m,lH) 
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Soer ^NT FAR); 
282 (M-H, 55%) 

5 ^-t-S"t03cycarbonyl6minoethylphosphonou5 acid 

The title compounc5 was prepared in 63% yield 
according to the procedures described in Example 1 
with the only variant being that di-t-butyldicarbo- 
nate was used to protect the amino group in place of 
benzylchloroformate. The title compound was purified 
by chromatography (silica, 9 : 1 , ethyl acetate : aceto- 
ni tri le) . 

TLC (silica, 10:l,ethylacetate:ethanol) R..0.70 
15 NMR (300MHz, CDCI3) (m, 3H) ; I.4 (s, 9H) ; 3.8 

(d, 3H); 4.0 (m, IH) ; 4.8 (br d, IH) ; 6.1 (5, 0.5H> 
7.9 (s, 0.5 H). 



10 



20 



25 



30 
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WHAT IS CLAIMED IS ; 

1. A compound of the formula: 

H^N-CH-P- ( CH^ )^-CH-C02R3 
OR. 



or 



|1 II II 5 

H2N-CH-P-CH2-C-CO2R3 



wherein: 

^1 is H, CH3 

^2 or R^ is 



OR, 
II 



(a) hydrogen, 

(d) C^-C^2 linear or branched alkyl; 

(c) ^2~'^12 1^^®^^ 01^ branched 
monoalkenyl ; 

(d) C^-c^Q aralkyl, wherein the alJcyl 
chain is linear or branched C^-c ; 

(e) heterocyclic alkyl, wherein the flkyl 
chain is linear or branched C^-Cg 
and the heterocyclic ring is 5-6 
membered, optionally fused with a 
benzene ring, fully aromatic, 
containing 1-2 O, N or S heteroatoms; 

wherein said above values for can be 
substituted by one or more: halo, hydroxy, 

carboxy, c^-c^ alkoxycarbonyl , r -c 

/ 16 
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arylalkoxycarbonyl, C3-C, cycloalkyl. 
C,-C^ alkoxy, Cg-c^^ aryloxy, amino, 
mono- or di-c^-Cg alkylamino. thio. 
Ci-C, alkylthio, Cg-Cj2 arylthio, 

aralkylthio. or the radical 
-S-(CH2)j^-CH(NH2)COOH, where n=l-2 • 
with the proviso that R or p is at 
least c, alkyl if subst ituted'by one of 
the above-defined thio groups, and wherein 
the aryl or aromatic heterocyclyl rings can 
be further substituted by c,-r Mnear 
or branched alkyl. tr ihalo.ethW . nitro. 
cyano or sulfonamide, halo; 
R3 ^'^d are hydrogen, c^-c^ alkyl, . 

^6-^12 "yl or c -c aralkyl; 
and .ncluding stereoisomers .acemates thereof. 

methyl;' °' ^ 

2 5 ^= '^i linear or branched alkyl- 

aralkyl; 

Wherein both groups can be substituted with 
halo, amino, mono- or di-c,-c linear or 
branched alkylamino. carboxyl ^ c -c 
alkoxycarbonyl. hydroxy, c^-r aJko^y, 

cycloalkyl, c,-C,^ aryloxv, 
thio. c^-c^ line^^ branched 
alkylthio. c,-c^^ arylthio, C,-. ^ 
aralkylthio. -S-(CH, ,^-CH(NH, , 
Where n=i-2. with the proviso tha% R, or 

^= at least alkyl if substituted 
by one Of the above-defined thio groups and 
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wherein the aryl groups can further be 
substituted by linear or branched C^-c 
alkyl; and are hydrogen, C^-C 
linear or branched alkyl 
^ ^7~^14 ai^alkyl. 

3. The compound of Claim 1 in which the 
stereochemical configurations of the carbon attached 
to R^, and the carbon attached to , are 

10 respectively, DCS), DL(SR) or D(R) , DL( RS) . 

4. The compound of Claim 3 in which the 
stereochemical configurations of the carbons attached 
to R^ and R^ are D(S), D(R) respectively. 



5. The compound of Claim 1 in which the 
stereochemical configurations of the carbons attached 
to R^ and R^ are L(R) and D(R), L(S), DL(RS) , 
respectively. 

6. The compound of Claim 1 in which the 
stereochemical configuration of the carbon atom 
attached to R^ is D(s) and the configuration of the 
double bond is Z or E. 

7. The compound of Claim 1 in which the 
stereochemical configuration of the carbon atom 
attached to R^ is L(R) and the configuration of the 
double bond is 2. 



30 



B 
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°- ^he compound of Claim 2 selected from 
l-(amanoethyl)-(2-carboxypropyl) phosphinic acid 
l-( an,anoethy 1 ) - ( 2-carbon,ethoxy-p.opyl )-phosphinic 

acid, 

l-(aminoethyl)-(2-carboxy-n-butyl> phosphinic acid. 

l-(an.inoethyl)-<2-carboxy-5-phenyl-n-pentyl) 

phosphinic acid, 

l-(aminoethyl)-(2-carboxy-n-nonyl) phosphinic acid, 

I-(am.noethyl)-(2-carboxy-5-(4-pyridyl)-n-pentyl) 
phosphinic acid, 

l-(aminoethyl)-(2-carboxy-3-chloro-n-propyl) 

phosphinic acid, 

1- ( arninoethyl ) - ( 2-carboxy-3-bromo-n-propyl ) 
phosphinic acid, 

l-(aminoethyl)-(2-carboxy-n-hexyl, phosphinic acid, 

l-(an,inoethyl)-(2-carboxy-2-n-octenyl) phosphinic 

acid, 

l-(an.inoethyl)-(2-carboxy-2-propenyl) phosphinic acid, 

l-(aminoethyl)-(2-caz:boxy-4-phenyl-2-butenyl) 

phosphinic acid, 

l-(aminoethyl)-(2-carboxy-5-phenyl-2-pentenyl) 
phosphinic acid. 



^ pharmaceutical composition useful in 
the treatment of b.cterial infection which 
comprises a pharmaceutically acceptable carrier and a 
Pharmace.tically effective amount of an antibacterial 
compound of formulae I or II, or mixture thereof 
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i 1 II I 2 

H2N-CH-P-CH2-CH-CO2R3 

OR, 
I 



Ri O CHR^ 
H2N-CH-P-CH2-C-CO2R3 
OR4 
II 



10 



20 



wherein: 

R.! is H, CH3; 
R2 and R^ are 

(a) hydrogen; 

(b) C^-C^2 linear cr branched aJkyl; 

(c) ^2~^i2 linear or branched 
monoalkenyl ; 

^"^^ S-^20 ^^alkyl, wherein the alkyl 
chain is linear or branched C -C • 
(e) heterocyclylalkyl, wherein the aJkyl 
chain is linear or branched C^-C 
and the heterocyclyl ring is 5-6^ 
membered, optionally fused with a 
benzene ring, fully aromatic, 
containing 1-2 O, N or S heteroatoms ; 
wherein said above values for R and R 
can be substituted by one or more: halo 
hydroxy, carboxy, c,-C^ alkoxycarbonyl , 
^7 ^16 ^^ylslkoxycarbonyl , c -c 
cycloalkyl, C^-c, alkory, C,-C,' 

aryloxy, amino, mono- or di-C -C 

1 8 



25 
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alkylamino, thio, C^-C^ alkylthio, 
Cg-C^2 arylthio, C^-C^^ aralkylthio, 
or the radical -S-iCH^) ^-CHOm^) COOH , 
where n«l-2; 

with the proviso that or is at 
least alkyl if substituted by one of 
the above-defined thio groups, and wherein 
the aryl or aromatic heterocyclyl rings can 
be. further substituted by C,-C, linear 
or branched alkyl, t r ihalomethy 1 , nitro, 
halo, cyano or sulfonamide; 
R3 and are hydrogen, C^-C^ alkyl, 

^6"^12 ^^^^ ^7"^16 a^aikyl; 

wherein the carbon atoms attached to R^ or R^ 
the D{S) or DL(RS} s t er eoc onf igur at i on , and if R^ 
is present the double bond is in the E or Z 
configuration. 

10. A pharmaceutical composition useful in 
the treatment of bacterial infection which 
comprises a pharmaceut i ca 1 ly ' effect ive amount of a 
DHP-inhibit ing compound of Formula I or II, or 
mixture thereof, in combination with a pharma- 
cGutically effective amount of a carbapenem or penem 
antibiotic: 



R^ O R 
H N-CH-P-CH.-CH-CO^R^ 
OR, 
I 
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H^N-dH-t-CH^-C-CO.R 



I -'2 ^ ^^2^3 
OR, 

II 



wherein: 

^2 and are: 

(a) hydrogen; 

^1~^12 linear or branched alkyl; 
(c) ^2-0^2 linear or branched 

rr.onoalkenyl ; 
^'^^ S--20^'^3lkyi, wherein the alkyl 
chain i<5 linear or branched C -C ■ 
(e) heterocyclylalkyl, wherein the afkyl 
chain is linear or branched C -c 
and the heterocyclyl ring is 5-6^ 
r^embered, optionally fused with a 
benzene ring, fully aromatic, 
containing 1-2 o. N or s heteroatoms; 
-he.e.n said above values for and R 
can be substituted by one or more: hafo. 
hydroxy, carboxy, c,-c, a . koxycarbonyl , 

7~^ie arylalkoxycarbonyl , c -C 
cycloalkyl. Cj-c^ alkoxy. c ' 
aryloxy, am^no, mono- or di-c -C 
alkylamino. thio, C^-c^ alkylt'hio, 

arylthio. c,-c^^ aralkylthio, 
or the radical "S-CCH^ )^-CH(NH, )COOH, 
where n=i-2; . ^ 
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with the proviso that R2 or R5 is at 
least C2 alkyl if substituted by one of 
the above defined thio groups,' and 
wherein the aryl or aromatic 
heterocyclyl rings can be further 
substituted by C^-C^ linear or branched 

alkyl, trihalomethyl, nitro, halo, cyano 

or sulfonamide; 
R3 and are hydrogen, C^-C^ alkyl, 

C6-Ci2 aryl or C7-C16 aralkyl; 

and the carbon attached to R, is in tho r , r, s 

"1 -^s the L(R) or dl(<;r» 

— «t.c.« to .3 ■„ Z 



Dfp) T f c- \ ---^ «2 IS in the 

0(R), US) or OL(RS) configuration, and if r, 

present, the double bond 
configuration . 



is in the E or z 



lor the tr^at Pharmaceutical composition 

lnlT\ bacterial infections comprising an 

antibacterially effective . ^sing an 

formula (I, or (XI 1 " • ' °^ 

or (II,. as defined in claim 2, 3 4 5 s 

7 or 8, or a mixture thereof . » . ' ^' 

>-nereof, in association with a 
Pharmaceutically acceptable carrier. 

f'or ^, . -tibacterial pharmaceutical composition 

for the treatment of bacterial <nf^ ^ition 
nHD >, v--.. "^ccerial infections comprisino a 

DHP-inhibitinq amount nf ^ , -^aj-ng a 

(IT) °^ ^ compound of formula (i) or 

(in, c.s defined in claim 1, 2 3 4 , . , ^ ' or 

a mixture thereof i' °^ °^ 

^. "^nereof, m combination with 

Pharmaceutically effective amount of a carbapenem or 
penem antibiotic and ^ «penem or 

carrier therefor P'^-maceutically acceptable 

^"^^ ""^ °' ^ compound Of formula (i, or (li, 
as aefined in claim 1, 2, 3 4 s « , ' 
mixture thereof for ^ ' ' ^ ' ^' ' °^ 8 , or a 

thereof, for treating bacterial infections. 
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14. The use of a compound of formula (I) or (li) 
as defined in claim 1, 2, 3, 4, 5, 6, 7 or 8, or a 
-xture thereof, for use in the manufacture of a 
medicament for treating bacterial infections. 

15. A compound of formula (I) or (ii), as defined 
- Claim 1, 2, 3. 4, 5, 6.7 or 8, for use in inhbiting 
renal dehydropeptidase . 

15. A compound of formula (i) or (II), as defined 

in claim 1 , 2 , 3 4 q a t 

' ' ^' ^' ^ 8, for use in the 

treatment of bacterial infections. 



# 



